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THE 


INTRODUCTION. 


HE following Diſſertations are 
upon ſubjects of importance 


in rural oeconomy. Some of them have 
been treated of by others in a gene- 
ral way, but there is much room for 
improvement. This will appear on 
peruſal of the ſhorteſt of theſe, viz. 
that relating to Fences. The ſeveral 
methods of fencing in different coun- 
ties are deſcribed, of lands of various 
kinds and different ſituations. The 
two principal uſes of fences are for 
ſhelter to lands, and to cattle that 
feed upon them; and as a ſecurity 
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and defence from damages. The 
ſirſt of theſe is chiefly, attended to, 
in making common quickſet-fences. 
Much wood 1s planted, and this un- 
doubtedly produces ſhelter; but 
much wood is no ſecurity againſt 
damage, and is itſelf an injury to 
the land. A moderate quantity of 
wood properly diſpoſed, anſwers both 
purpoſes of ſheher and defence, and 
cheap methods are here laid down to 
attain both; which it is preſumed 
will be acceptable to huſbandmen, 
who are ſenſible of the benefit of 
good fences, and of the damage and 
continual expence of reparing thoſe 
that are inſufficient. To render this 
article the more generally uſeful, the 
beſt practical methods are deſcribed, 
of ſecuring lands from floods, and 
encroachments of rivers or other 
contiguous waters: for by theſe great 
injury is done, and much land waſhed 
away, which might be prevented, if 
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the owners were acquainted with che 
means of dbing it. 7 
(1 Ai th | nls e bonw Ant 
The next is a very extenſive ar- 
ticle. Manures are uſed by huſband- 
men univerſally, Without their aid, 
lands would fink: greatly below their 
preſent value. Farms that ure much 
deficient in manure are lo rented; 
but where manures abound, the te- 
nant has the means of improvement, 
and can afford to pay a good rent. He 
may, notwithſtanding, uſe too much 
manure, or apply it imptoperly. 
Plants that are cultivated for their 
ſeed, as corn and pulſe of all ſorts, 
may be too highly manured: for a 
large quantity of manure promotes 
the growth of ſtraw more than the 
grain; and this may he carried to 
ſuch an exceſs, that the crops will be 
blighted, and no grain or very little 
produced. There is not the fame 
danger in cultivating natural or arti- 
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ficial graſſes, not intended to land 
for: ſeed 3 yet even they may be 
over+dane wick manure, which will 
make them groſs, rot at bottom, and 
lodged: 151 inet 
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The qualities of manures, and in 


what manner they operate upon land, 
are points of N that merit the 
attentign of all cultivators of land; 
in theſe e are not much aſſiſted by 
the common practice of farmers; 
who are not accurate in making ex- 
periments, and very rarely keep any 
regiſter of them, The operations of 
bodies, and of manures in parti- 
cular, are traced with much diſi- 
culty ;/ and what has rendered them 
the more 10, is the propenſity to form 
hypotheſes upon thories, unſupported. 
by experiments. It has long been a 
current opinion, that nitre or other 
ſalts were the cauſes of fertility ; and 


conſequently, that thoſe manures that 
were 
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were found to be the l en- 8 
richers of land, contained charge 
proportion of thoſe ſalts: this was 
ſaid of the ſeveral ſorts of marle, 
lime, and others. But when it was 
diſcovered by experiments, that they 
contained no ſalts, it was then ſaid 
0 they attracted them from rhe 

: but this alſo is now found to 
be an error; and therefore we muſt 
endeavour. to account for the opera- 
tion of manures, in ſuch mafiner as 
1s warranted by accurate Wr 


ments. 


This is not a matter of mere 
theory : juſt principles lead to a right 
practice, as we ſhall ſee in the pre- 
ſent cafe. This rendered it neceſſary 
to enter into à diſcuſſion of the na- 
ture and operation of ſome of the 
principal -manures ; among theſe 
marle is to be ranked, the nature 
and Aer whereof has been long 
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im perfectly underſtood ; and, though 
an excellent general manure, has to 
a proverb been excluded from ftrong 
land, Marles differ in their quali- 
ties, but Farmers had no other way to 
judge of them, or to diſtinguiſn them 
from other carths, but by their ex- 
ternal appearances, in which ſome 
other earths, pernicious to land, very 
much reſemble them. To prevent 
the ill effects of ſuch a miſtake for 
the future, a method 1s here laid 
down to diſtinguiſh genuine marle 
with certainty, by a ſhort and eaſy 
proceſs, that the farmer may pcr- 
form himſelf; and he is adviſed 
to do fo, before he lays any carth 
ſuppoſed to be marle upon his land, 
whereof he knows not the effects 
from experience. 


By this proceſs we may go a ſtep 
further, and not only diſtinguiſh 
marle from other earths of a like ap- 


pearance, 
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pearance, but alſo diſcover the com- 
poſition of the ſeveral forts of marle, 
and to what kind of land each of 
them is beſt adapted, for its im- 
provement. 


Chalk is much of the ſame na- 
ture as marle, particularly ſuch as is 
ſoft, ſoapy, and unctuous; yet chalk, 
till of late, has been eſteemed a ma- 
nure proper only for ſtrong land, as 
marle was for light land. But chalk 
15 now found to be a great improver 
of both ſorts, light as well as ſtrong. 


The opinions concerning lime 
have been ſo various and contradic- 
tory, that many were deterred from 
uſing it: though the ill conſequences 
that have enſued a plentiful liming, 
ſeem not to have ariſen from the 
lime, but from an injudicious ma- 
nagement of the land afterwards, 
as may appear from this Diſſertation ; 
wherein the reader will find ſeveral 

7 other 
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other points ; diſcuſſed relating to 
manures, tending to ſetile a juſt 
theory of their operation, and be of 
uſe to the practical huſbandman. 


The Diſſertation on Drill-ſowing 
relates principally tothe new huſban- 
dry; though that manner of ſowing 
15 not limited wholly to hoed crops. 
The drill-plough is an excellent in- 
vention. A great deal of ſeed is 
ſaved by it, and by the regular plant- 
ing. in, rows, hoes of various ſorts 
are admitted to cleanſe the inter- 
mediate ſpaces from wceds; and by 
ſtirring the earth, both the crop and 
land is improved. Mr. Tull's drill- 
plough 1 is a very good one, and an- 


ſwers in practice what he has ſaid of _ 


at, He conſtructed it to ſow double 
rows upon narrow ridges, for the 
purpoſe of horſe-hoeing ; and his 
land being moſt of it — and the 
drill, drawn by a ſmall horſe along 


the 


INTRODUCTION: xi 


the tops Of the ridges, he mate 18 
very Ii ght; and is indeed too ſligbte to“ 
be uſed upon very ſtrong land: but”! 


by a different conſſruction, Here deſ- 
cribed, that inconveniency is re- 
moved. Another gteat improve- 


*. 


ment is alſo deſcribed here, Chili is oy 


new, and never before made pub- 


lic. Mr. Tull's drillplough was 


conſtructed to ſow two and ſome- 
times three rows, but to ſow three 


the drill was too complicated. Some 


Other drills have been invented ſince 


his, to ſow two, three, and fome 


four rows; I had one made to fow © 
ix rows at once, at the diſtance of : 
ſix or ſeven inches. But in one par- 8 


ticular all theſe inſtruments are de- 


ſtated diſtances, from which they 


cannot be altered. But, after er ck 


attempts to remedy this inconve- 
nience, I at laſt ſucceeded by Which 


Mr. Tull 5 drill will now ſow from 
one 
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one to ſix rows, at ſuch diſtances ex- 
actly as the driller thinks proper. 
The contrivance to make it perform 
this, ſeems now ſo obvious, that it 
is ſurpriſing I did not diſcover it 
ſooner ; and confirms the obſerva- 
tion in mechanics, that thoſe of the 
ſimpleſt conſtruction are the beſt, and 
of the moſt difficult invention. 


I ſhall not here enumerate the 
ſeveral machines that have been in- 
vented for drilling, ſince Mr, Tull's 
drill-plough : but there 15 one that 
deſerves particutar notice, called the 
barrel-drill, which is an excellent in— 
ſtrument, firſt introduced by the ce- 
lebrated Du Hamel. Imperfect in- 
deed at firſt, but much improved by 
the ingenious Mr. Craik, and now 
made a perfect inſtrument. Upon 
Mr. Tull's conſtruction three drill- 
ploughs are neceſſary to ſow the 
different ſeeds uſed in the fields ; 


OE 
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one for horſebeans and very large 
pcaſe; another for wheat, barley, oats, 
common peale, and other ſeeds of 
nearly the ſize of theſe; and a third 
to ſow the ſmaller ſeeds, as thoſe of 
turneps, cole-ſeed, carrots, &c. But 
one barrel drill ſows all theſe; and a 
cheap method 1s deſcribed to; make-it 
deliver regularly the intended quan- 
tity of each per acre. Here is like- 
wiſe ſhewn a method of conſtructing. 
it, to ſow few or many rows, at the 
required diſtances. As now improved, 
it is a ſtrong and cheap inſtrument, 
calily managed; and of ſuch a plain 
ſtructure, that it may be made or 
repaired by workmen commonly 
employed in huſbandry buſineſs: fo 
that upon the whole it is ſuch an 
inſtrument as the moſt ingenious 
cultivators have long wiſhed for, 
but has never before been offered to 
the public: and as it anſwers ſo well 
in every reſpect, there is no room to 


doubt, 
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doubt, but when generally known, 
it will come into more general uſe 
than any other of theſe inſtruments 
nas — e TR 


The next Diſſertation is upon 
'Water-works,-a ſubject of extenſive 
uſe. In very flat countries, as Hol- 
land, they have abundance of water; 
but that having no current, is of no 
uſe to them in their machinery, 
wherein they are obliged to make 
-uſe of wind. Of windmills they 
have great numbers, and employ 
them in all manner of heavy work: 
for grinding corn, fulling, ſawing, 
in manufactures of paper, oil, me- 
tals, and many others; but with re- 
gard to power and ſteadineſs, water 
is far ſuperior to wind. In Britain 
there is great conveniency of water, 
but we are often defective in the ap- 
plication of it. Much more buſi- 
neſs might be done with the ſame 
water, 
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water, if applied in the beſt manner. 
To aſſiſt thoſe Who would erect / ſuch 
works, and the workmen; employed 
to erect or repair them, is tha inten- 
tention of this Diſſertation. 


1 


The mechanic arts have their 
foundation in geometry. But in 
forming rules for practice, many 
circumſtances occur, that cannot be 
accounted for by theory alone, wwth- 
out experiments. Water raiſed to a 
head, and iſſuing through apertures 
made below, has in theory a certain 
velocity; and jit has been ſuppoſed, 
as indeed it ſeemed probable, that 
the quantity iſſuing was conſtantly 
and directly proportional io the ve- 
locity; and upon that ſuppoſition, 
rules were laid down of the expence 
and impulſe of water paſſing through 
theſe apertures. But it appears from 

experiments that the quantity cis not 
to be determined from the velocity, 
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and that the calculations of its im- 
pulſe, founded on that ſuppoſition, 
is erroneous : which is neceſſary to be 
attended to, in the conſtruction of all 
machines to be worked by the force 
of water. 


The conſtruction of the bottom- 
work of mills, locks, fluices, &c. 
with proper materials, and in ſuch 
manner as to prevent their decaying, 
and to ſecure them from blowing, 
are matters of no ſmall importance 
in theſe works: and concerning 
theſe, the reader will find ere hſuch 
directions as may be relied on in 
practice. 
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The manner of fencing low wet land. Stone 
fences, different ways of making them .— 
The expence of making flone fences. —The 
beſt method of planting waſte land with 
wood, Estimate of the expence and profit 
of ſuch plantations from experience.— 
Fencing with walls of chalérſtones. — Tlie 
manner of building to make them dur- 
able. —Of fencing and improvementson the 
Yorkſhire wolds.—Fencing with double 
fone walls and wood plantedbetween them 
the expence and advantage of fencing in 
that manner.—Of ditch and bank fencing 
with quickſets.—The plants moſt proper 
for quickſets.—T he moſt approved methods 
of raiſing and planting quickſets.— And 
of training them to make ſtrong and dur- 
able fences. A new method of making 
cheap and ſecure fences. —PFencing with 
ſets planted in jingle rows, == Of tree 
fences. —Furze fences, how to raiſe and 
manage them.—Of briar fences.—Bank 
fencing againſt rivers. — Several other me- 


thods of fencing againſt rivers. 


Of FENCES 


HE firſt ſtep to be taken in order 
to improve land to the greateſt 
advantage, is to divide and fence it. Good 
fences are of themſelves a confiderable im- 
provement. They are a ſhelter to the 
land and cattle, and ſecure the products 
of the land from damage both from cat- 
tle and from the inclemencies of the ſea- 
ſons. It is unneceſſary to inſiſt upon the 
advantages of incloſures and good fences, 
daily experience ſnews the general ſenſe 
of theit utility; and that open fields, upon 
being incloſed, immediately advance in 
value much beyond the expence of in- 
cloſing them. 
There are various kinds of fences, 
which ſhould be ſuited to the nature of 
B 2 the 


the land to be incloſed, and the mate- 
rials for that purpoſe that the country 
aftords. 

For low, wet, or moiſt land, ſunk 
fences or ditches are the moſt proper. In 
ſuch moiſt, ſoft land, ditches are cut at a 
{mall expence, and anſwer a double pur- 
pole, they ſerve to divide the land, and . 
to drain it. Ditches of ſix feet wide at 
top, a foot and a half or two feet wide at 
bottom, and five feet deep, will make ſe- 
cure fences, and prevent cattle from ram- 
bling. The foil dug out of the ditches 
ſhould be laid on each fide; and a row of 
aquatic plants ſet along one ſide, within 
five or fix feet of the verge of the ditch, 
makes a good ſhelter, and furniſhes a 
conſiderable quantity of valuable wood. 
The proper ſets for this purpoſe are thoſe 
of alder, willow, aſp, abele, black and 
white poplar, and the white willow; 
molt of theſe riſe to a great height, with 


naked ſtems, and are moſt ſuitable to 


large 
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large fields; but for ſmaller fields they 
may be pollarded, or headed down to 
within ſeven or eight feet of the ground, 
which will make them grow with large 
thick heads, and afford a good ſhelter to 
ſuch fields. About nine or ten feet in 
length ſhould be left undug at proper diſ- 
tances (except a ſmall trench cut along 
the middle of each) for a communication 
to the water in the ditch. Theſe ſolid 
parts ſerve as bridges for carriages and 
cattle, and ſhould have a gate to each. 
The expence of dividing low ground in 
this manner is not much, and the im- 
provement in the herbage, for feeding 
cattle, and hay, and the lop of the trees 
very valuable. 

For waſtes, commons, and dry lands 
that lie high, that abound with ſtones 
lying on the ſurface, or beds of ſtone at 
no great depth, the beſt and cheapeſt 
fences are ſtone walls. The ingenious 
author of the Complete Engliſh Farmer 
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objects, however, to theſe ſtone fences as 
follows : 
en Glouceſterſhire and Worceſter- 
ſhire, where larger tracts of waſte lands 
are now encloſing, fencing is there car- 
ried on in two very different methods, 
neither of which, in my opinion, is the 
moſt effectual or leaſt expenſive ; the firſt 
is, by digging ſtones, which in that part 
of the country every where abound, load- 
ing them in carts or wheel-barrows, and 
ſhooting them in lines, where they are 
afterwards erected into walls without ce- 
ment, and extended for miles without 
any defence. This ſubjects them to many 
accidents, and it is no uncommon thing 
to ſee breaches in them of very conſider- 
able extent, by which means they ceaſe 
to be a ſecurity, and are for ever wanting 
repairs,” 
Upon this it may be obſerved, that 
walls without cement, or dry ſtone walls, 


are to be ſeen in many parts of Britain, 
that 
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that have ſtood well time immemorial; but 
to inſure their duration the following pre- 
cautions are neceſſary: 1. That they be 
not built too upright, but battering, ſo 
that they may be confiderably narrower 
at top than at the foundation. 2. That 
the work be well bonded, by laying the 
long ſtones acroſs the walls at ſmall diſ- 
tances aſunder: this is abſolutely neceſ- 
fary, but in which the maſons are very 
apt to be negligent if not ſtrictly attend- 
ed to, as every one mult be ſenfible who 
has been concerned in ſuch - buildings. 
3. All ſuch walls ſhould be coped at top, 
without which they will be of no long 
duration. And, 4. gates ſhould be erect- 
ed at proper diſtances, for huntſmen and 
travellers on-foot to paſs, without damag- 
ing the walls. Theſe oireumſtances be- 
ing duly attended to, there is no doubt 
but ſuch ſtone walls will make excellent 
and durable fences; and it ſeems highly 
probable that a deſect in ſome one or more 

B 4 of 
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of theſe particulars, was the cauſe of 
the walls above mentioned having ſuch 
breaches in them ſo ſoon after they were 
built. 

The other method of fencing cenſured 
by the author is,“ by making a kind of 
gutter on each fide, and throwing the 
earth up in the middle, which riſes and 
forms a ridge about thirty inches high. 
About fix inches above the baſe of this 
ridge they plant one row of quick, and 
about a foot above that they plant a ſe- 
cond row, and over all, the looſe earth 
from the gutters on each tide, is thrown 
a-top, and thus their fence is completed, 
To defend the new planted quick, poſts 
and rails are ſet up on one fide, and a fort 
of clumſy ſlit gates are ſtaked upon the 
other. To this method of - fencing the 
quick, I have no other objection except 
the expence of it; but againſt the man- 
ner of planting the quick much may be 


urged, Quick loves a rich, moiſt, loamy 
ſoil, 
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ſoil, neither too wet nor too dry; and as 
its roots never deſcend deep in ſearch of 
nouriſhment, it feeds only on the rich 
paſture near the ſurface, and the richer 
and more enlarged that ſurface is, the 
better it thrives ; but by cutting a gutter 
on each fide they narrow its bounds, and 
by forming the earth on which it is plant- 
ed into a ridge, they make way for that 
moiſture by which it is ſuſtained to drain 
off; ſo that though it may ſeem to thrive 
for a few years at firſt, it will certainly 
dwindle, and never arrive at its proper 
growth.” In which opinion I cannot but 
concur with the author. 

With regard to dry ſtone fences, Mr. 
Scroope, of Danby, near Richmond in 
Yorkſhire, incloſed nine hundred acres of 
moor land, The ſurface of the moor, 
ſays Mr. Young, yielded * in ſome places 
a a ſufficiency of ſtones for this work; but 
in many others pits were ſunk for them; 
the 
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the quarries are all lime-ſtone, and moſtly 
near the ſurface. The firſt year two hun- 
dred and eighty-nine roods were built of 
the ring fence. This work was all con- 
tracted for by the meaſure, at 58. 6d. per 
rood of ſeven yards long, and five feet 
high. A gate, two poſts, and the irons, 
came to 6s,” 

And ſpeaking of Mr. Danby's improve- 
ments of Swinton upon Moors, in the ſame 
county, he ſays, * The only method of 
incloſure uſed here is that of ſtone walls, 
and moſt excellent fences they are. The 
ſtones ſcattered over the land they looſen 
from the earth with wedges, and ſplit them 
intoſmall pieces; theſe they lay upon each 
other very artfully, building with them the 
walls, which are not only very ſtrong, 
(laſting in full perfection beyond the me- 
mory of the oldeſt man) but have like- 
wiſe a neat and good appearance. A 
ſmall addition of the expence will cut 

them 
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them all into regular oblongs, which 
makes them look to the full as well as 
any the moſt regular brick walls. 

« The expence of cutting (in the com- 
mon manner), leading, and building the 
walls fix feet high, is 5s. 6d. per rood of 
ſeven yards running meaſure. The gate- 
poſts are of ſtone, and excellent ones; 
their coſt ſcare any thing. A gate, irons, 
and poſts coſt 58.“ 

Sir Digby Legard has given a ſtill more 
particular account of theſe kind of fences 
on the wolds near Scarborough, and other 
matters relating thereto, which highly 
merit the attention of improvers of land 
in the like circumſtances. 

The eſtate, ſays this gentleman, where 
I have reſided ſeveral years, conſiſts of up- 
wards of fix thouſand acres ; and the un- 
incloſed part of it, or what is called wolds, 
of five thouſand acres, have never been 
let at more than a ſhilling per acre ; and 
what I here ſay of a particular pariſh, is 


ap- 
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applicable to a very extenſive country, 
twenty miles long and fifteen broad. 
The ſoil of the wolds is in general a light 
hazle mould, in ſome places intermixed 
with ſmall ſtone, flint, or gravel. The 
depth of ſoil is from three inches to a foot, 
in general not leſs than five inches. Un- 
derneath there is a white lime- ſtone rock, 
by ſome called chalk, but I think impro- 
perly, it is more of the nature of marle, 
This ſtone riſes often in large blocks, 
and is uſed in building, and for lime. It 
is hard, but not of a very durable nature, 
for if it be expoſed to wet and froſt it 
ſoon cracks and moulders away ; but if 
the walls built with it are kept well 
covered, it will laſt for ages. After a 
time it encruſts with a moſs, which pre- 
ſerves it.” 

He then proceeds to ſtate the prices of 


labour, &c. in that country : 


« The 
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The daily wages of a labourer I. s. 

in ſummer is 18. in winter - ©. © 
A carpenter per day - - © 1 
A maſon per day - - 0 1 
The day's work of a team, con- 

fiſting of four oxen, two 

horſes, and one man and one 

agy 2 = - oZ Ge ney 0G 
A ton of coals,including turn- 

pikes, &c. colts - - I 4 
A chaldron, or 32 buſhels of 

quick lime coſts - = 0 12 
The ſame quantity burnt in one's 

own kiln, coſts <« - 0-7 
'Alime-kiln built of brick, with 

two eyes, to hold 20 chal- 

drons - = - 1's 0 
Walling farm-houſes per rood, 

viz. ſeven yards, and one yard 

high - - - oO 4 
A rood of wall, including get- 

ting up ſtones, lime, and 

building = . 

N 
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6 


6 
B. 


8 


14 Or FENCES. 
N. B. Getting up is 5d. per load, 

leading as much; and four good 

loads will build a rood. L 8 & 
Rough ſtone walls for fences, 

built without mortar, per 

rood - - - © 4 © 
Plaiſtering the inſide walls of 

farm-houſes peryard = - o 0 2 

As to wood for fuel and fencing, true 
it is that this country does not at preſent 
furniſh it; but it is no leſs true that it is 
capable of furniſhing enough for every 
economical purpoſe. The hedges and 
hedge-row trees round every village are 
a proof that the ſoil is not improper for 
wood ; and ſome very thriving plantations 
on the tops of the hills, which a few gen- 
tlemen have had courage to raiſe, will be 
a laſting monument to their praiſe, as 
well as an example for others to imitate. 
Though the Scotch fir has been uſually 
ſelected for theſe trials, and has ſucceed- 


ed, yet the aſh will do as well, and is a 
much 
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much more valuable tree. For ploughs, 
fellies of wheels, and axles, for ſheep bars, 
and for the cooper's uſe, no tree is equal 
to it : it is beſides a very quick grower, 
and ſprings admirably from the old root. 
I confeſs that ſome plantations on the 
wolds have failed, but the failure has ge- 
nerally been occaſioned by an inſufficient 
fence, whereby the plants have been 
ruined by ſheep, their greateſt enemy, or 
they have not been planted thick enough 
at firſt : this is a common but a capital 
error. I find by experience that nothing is 
ſo effential to young plants as warmth ; 
it is more material than depth or good- 
neſs of foil. Trees grow quicker and 
larger in good than in bad land, but ſome 
kinds will grow in any foil : without ſhel- 
ter no trees can exiſt, Remove ſome 
rich earth from a valley to the top of a 
mountain, plant a fingle tree therein, and 
water it when neceffary, no art will 
make it proſper. When trees are ſet very 

cloſe 
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cloſe together, ſo as at firſt almoſt to 
touch each other, they not only afford 
warmth, breaking the force of winds, 
but ſupply conſtant moiſture to the roots. 
The rain and dew is not ſo ſoon exhaled, 
and the ſtagnation of air occaſioned by 
the ſhade furniſhes that putrid heat and 
fermentation ſo neceſſary for the purpoſes 
of vegetation. The mellowing and en- 
riching the ground by a crop of turneps, 
and all the leguminous tribe which afford 
moſt ſhade, evince the truth of this ob- 
ſervation. Raiſing wood in a bleak and 
expoſed country is not only a deſirable 
object, as affording a ſupply for fencing, 
fuel, implements of huſbandry, and for 
buildings, but has this additional excel- 
lence, that if the plantations are diſcreetly 
placed, and the incloſures properly bor- 
dered with wood, all the adjacent land is 
conſiderably benefited, by being protect- 
ed from the rage of impetuous ſtorms ; 
the graſs grows better, and the cattle 

thrive 
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thrive much more on account of the ſhel- 
ter. 

« Nor do I believe, that low-rented 
land, eſpecially the fides of ſteep. hills, 
can be turned to more advantage than by 
planting them. For inſtance, I have an 
incloſure of about ſix acres on the top 
of a high hill, which thirty years fince 
was planted with Scotch fir, aſh, and 
beech. The trees are now at a medium 
twenty-five feet high ; each plant will 
make four rails, and is worth 1s. 6d. 
they ſtand at about ſix feet diſtance 
from each other; therefore the ſix acres 
contain ſeven thouſand two hundred and 
ſixty trees, valued at 5441. 10s. the fenc- 
ing this plantation and repairs coſt zol. 
the plants, four years old, at 58. per 100, 
colt 181. the rent of the land before 
the incloſuce was 1s. per acre : deduct- 
ing then pol. for expences, the product of 
fix acres in thirty years is 494l. But 
the compound intereſt on gol. at 4 per 

3: cent. 
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cent. will, in thirty years, amount to 
above 60l. and there ſtill remains a clear 
profit of 43ol. 

« As there may be ſome difficulty at 
firſt, to procure poſts and rails for an 
extenſive encloſure; and as even a poſt, 
a double rail and a bank, is hardly ſuffi- 
cient to turn a ſheep, I would recom- 
mend it to thoſe adventurers, who are 
about to incloſe, and can afford to lay 


out a little money extraordinary on an 
excellent fence, to have recourſe to the 
natural produce of the country, and 
make ule of dry ſtone walls. I know 
that a ſtrong prejudice prevails againſt 
| theſe materials; that it will be urged 
that the ſtone is periſhable ; and that 


| if this kind of fence was proper, it would 
long ago have come into general uſe, as 
the whole country abounds in ſtone. 


But let us not take opinions on truſt, or 
fancy with the vulgar, that any thing 1s 
impracticable, only becauſe it has not 


yet 
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yet been put in practice: the moſt obvi- 

ous improvements have lain hid for ages. 
] have been making experiments for 
ſome years paſt, on the durability of the 
white ſtone, and have built ſeveral fence 
walls with it, in the moſt expoſed ſitua- 
tions, which bave hitherto withſtood the 
weather perfectly. The only precaution 
I uſed, was to dig up the ſtone early in 
the ſpring, that it might have the whole 
ſummer to dry (it is naturally very damp 
and moiſt), and fo be better able to reſiſt 
the froſts of winter; and to cover the 
walls with a projecting coping, either of 
whins or ſods. This ſecures them from 
perpendicular rains: and though the ſides 
are expoſed to beating ſtorms, the wind, 
which blows through, preſently dries any 
moiſture occaſioned by the weather. In- 
deed I find, that the more open the walls 
are built, the leſs liable they are to pe- 
riſh, That part next the earth is in 
moſt danger ; and if it ſhould be found 
C 2 neceſ- 
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neceſſary, the loweſt courſe may be laid 
with flint, with which the country a- 
bounds, and which is quite durable. 

« Theſe fence walls are two feet thick 
at bottom and one at top; are four feet 
and a half high, excluſive of the coping 
and ſeven yards in length coſts about 6s. 
But the price muſt in a great meaſure 
depend upon the diſtance of leading from 
the quarry, and on the eaſe of getting up 
the ſtones. In ſtating the above price I 
ſuppoſe that the ſtone quarry is not above 
five or fix hundred yards from the work; 
and that a good labourer can get up at 
leaſt two loads in a day. 

*« A bank with a poſt and double rail 
with us coſts 38. per rood, is hardly to 
be depended on, at firſt, as a fence 
againſt ſheep, and is perpetually out of 
repair. But though I ſtrongly recom- 
mend a trial of theſe ſtone fences, I 
would by no means exclude the planting 


of quick wood hedges; which afford the 
beſt 
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beſt ſhelter, and are highly ornamental. 
A double fence at ten or a dozen yards 
diſtance, and the intermediate ſpace 
planted thick with trees, hedges, and un- 
derwood, would be the moſt ſightly, the 
moſt convenient, and the moſt profitable.” 

«T have incloſed three hundred acres 
on the top of the wolds, and have laid 
down the greateſt part with various kinds 
of graſſes. —T generally give the land three 
or four ploughings, and ſow it in April 
or May, with graſs ſeeds, with or with- 
out corn. The latter way uſually 
ſucceeds beſt, I make my incloſures 
large, containing forty acres at leaſt; by 
which means the fencing is leſs expen- 
five. To incloſe forty acres with a double 
tence, at 6s. per rood, will coſt 1501. 
The preparation of the ground will coſt 
421. For the ploughing an acre four 
times, and the ſeeds requiſite, is worth 
a guinea. The intereſt of 1901. at 4 per 
cent. is 71, 148. but the annual advance 
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by the incloſure I have found to be at leaſt 
8s. per acre, conſequently the advance 
on forty acres is 161. or above 8 per cent. 
intereſt, on the money laid out. 

« But there are two things more to be 
taken into the account ; one is, that where 
a large incloſure takes place, the fide of 


one cloſe is a fence for the adjoining one, 


which reduces the expence half. The 
other, that a border of wood makes the 
double fence neceſſary; and we have 
ſeen this amply repays the planter, at the 
end of thirty years. Itis evident then, 
that the high wolds may, by incloſure, 
by the help of ſheep fold, by cultivation, 
and a proper choice of graſſes, be ad- 
vanced 8s. per acre; and that the capi- 
tal employed will pay an intereſt of 8 
per cent. This has been done. The 
three hundred acres were as bad as any in 
the lordſhip; and the ſame improvement 
may extend to five thouſand acres.” 


Sir 
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Sir Digby's double wall fences are 
expenſive; and, as he obſerves, are pro- 
per to be undertaken by thoſe only who 
can afford to lay out money upon ſpecu- 
lation and a proſpe& of being reimburſed 
in a long courſe of years; where this is no 
objection, the plantations in the inter- 
mediate ſpace will very well repay the 
expence, even of the double walls. For 
the expence of building a rood, or ſeven 
yards in length of the double wall, is 12s. 


and the clear profit of the plantation, ſe- 


ven yards long and twelve broad in thir- 
ty years, amounts annually (in the pro- 
portion to his fix acres) to 11. 4s. 10d. 
an ample recompence for the money 
laid out. 

Such plantations are very ornamental ; 
and the excellent ſhelter they afford, 
when grown up, to the land and cattle, 
is a material conſideration, in ſituations 


ſo much expoſed to rough tempeſtuous 
weather. 


C4 But 
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But the moſt common fences are made 
with a bank and ditch, and the bank 
planted with two or more rows of quick- 
ſets, of white or black-thorn, crab, holly, 
maple, withy, buck-thorn, and ſeveral 
others; which are often, but very inju- 
diciouſly, planted promiſcuouſly in the 
ſame hedge. The conſequence of which 
is, that the larger plants over-grow the 
others, and ſo ſtarve or ſtint them, that 
ſuch hedges are of very unequal growth, 
and have many gaps in them. 

But the greateſt damage to ſuch fences 
is done by the trees commonly planted 
in them; for theſe, by their ſhade 
and drip, and robbing the quick of 
its nouriſhment, never ſuffer it to grow 
to a good fence, Add to this, that next 
the bodies of large trees the hedge is ge- 
nerally broke down, arid the gaps want 
continual repairing with dead wood. Upon 
the whole, there are no good fences where 
large trees abound in them ; and when 

planted 


Or FENCES. 25 


planted in the borders of ſmall encloſures, 
are extremely prejudicial to the crops. 
Where timber or lop-wood are wanting, 
other places ſhould be made choice of, 
to raiſe them; for large trees are incon- 
ſiſtent with good quickſet fences. 

The plants molt proper for quickſets 
are, the white or haw-thorn, the black= 
thorn, crab, and holly. The white-thorn 
is a pretty quick grower, when right- 
ly planted in a proper ſoil. It is the 
moſt common, and makes a very good 
fence. 

The black-thorn alſo makes a good 
fence; not inferior to the white, if it 
likes the ſoil: but it is apt to ſpread its 
roots into the ground, and throw up 
many ſuckers, which makes it leſs 
eſteemed than the white ; but the buſhes 
of the black are the beſt and moſt laſting 
for ſtopping the gaps in hedges; and it 
is not ſo liable as the white 'to be cropt 
by cattle, 


Crabs 
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Crabs make a ſtout fence, if kept cut 


and trimmed to thicken it, otherwiſe they 


are apt to run up tall, with naked ſtems, 
The holly is not fo common as the 
others, becaule it is a very flow grower, 
but when well managed, and not planted 
too thick, makes a good fence ; and be- 


ing an evergreen, affords a very good ſhel- 


ter in winter, when the others are de- 
prived of leaves. 

Furze is eaſily raiſed upon banks of 
poor foils, grows quick, and makes a 
good fence in a ſhort time. 

The plants of the white-thorn are 
uſually gathered in woods or coppices ; 
but the poor, crooked, half-ſtarved plants 
found there, are by no means to be de- 
pended upon, to make ſtrong good 
hedges; but ſhould be thriving plants, 
drawn out of a nurſery, and may eaſily 
be raiſed by the farmer for his own ule. 
For this purpoſe the haws ſhould be ga- 


thered from young thriving trees, that 
ſtand 
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ſtand ſingle, and have the benefit of the 
ſun and air round them; the fruit upon 
theſe are uſually the ſoundeſt, and better 
ripened than thoſe that grow in hedges, 
where the plants are much crouded, 
They ſhould be gathered in November, 
when ripe, and in dry weather. 

The haws will not grow the firſt year, 
though planted immediately, nor till the 
ſecond ſpring after they are gathered ; 
and muſt therefore be preſerved till the 
proper time to plant them. This is done 
by digging a trench in a piece of dry 
ground, about eighteen inches deep, in- 
to which put the haws as ſoon as gather- 
ed; a thin layer of haws, and one of dry 
mould, alternately, to the depth of about 
a foot, and fill up the remaining fix inches 
with mould ; over which make a ridge 
of mould, and beat the ſides of the ridge 
cloſe with the back of the ſpade. This 
ridge will throw off the water, keep the 
haws dry, and ſecure them from froſt. 

Here 
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Here they are to remain near a year, viz. 
to the next October after they were ga- 
thered ; and are then to be taken up and 

planted in the nurſery, and in rows, for 
the conveniency of hoeing and weeding 

them. Some have directed them to be 
kept till the ſecond ſpring after they were 
gathered, and then planted ; but if de- 
- layed till then, many of them will have 
ſprouted ; and then if they are checked 
by rubbing off or wounding the ſprouts, 
they will not grow. Other ſeeds that do 
not grow till the ſecond year, may be 
preſerved in the ſame manner, except 
ſuch as are liable to be deſtroyed by ver- 
min ; for ſuch ſhould be put into earthen 
pane or jars, mixed with dry earth, the 
tops of the pans cloſe covered with plain 
tiles or ſlates, buried in trenches, and the 
trenches covered with earth, in the ſame 
manner as the haws. They may likewiſe 
be preſerved in boxes out of the ground; 
but the other way is the ſureſt to preſerve 
them ſound. 
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Fences are often made with thin banks 
of unprepared earth, the face of the bank 
planted with two, ſometimes three rows 
of quickſets gathered in the woods, and 


another row on the top of the bank : 
theſe very rarely make good fences; 
being planted ſo thick, the plants are 
weak, and riſe in height with nakediſtems 
eſpecially if not kept clean from weeds 
when young. It is common to ſee 
| hedges run up to a conſiderable height, 
but naked and open at bottom. Cattle 
eaſily make their way through ſuch 
hedges, and they are no ſecurity againſt 
hogs, nor againſt hares and rabbets. The 
goodneſs of quick fences does not ſo much 
conſiſt in their height, as in their thick- 
neſs, and being well furniſhed with 
ſtrong branches near the ground. 

The floping fides of banks are impro- 
per to plant quickſets upon; for they 
throw off the rain water, and the plants 
are deprived of the moiſture neceſſary 

7 for 
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for their growth and nouriſhment. Thick 
banks and rich moiſt earth is an excep- 
tion to this: but ſuch earth is not com- 
mon, in many places where ſuch fences 
are neceſſary ; and in every ſoil, the fol- 
lowing method of planting is greatly pre- 


' ferable. 


Firſt mark out the foundation of the 
bank four feet broad, dig it a ſpade deep 
or plough it. The ploughing or digging 
is to be continued from the foot of the 
bank twelve feet broad into the field on 
each ſide, The digging is to be deepeſt 
next the bank and gradually ſhallower 
towards the field, as in Pl. I. fig. 1. 
where a, c, d, b, is a ſection of the bank, 
and 6, / e, are ſections of the ploughed 


ground on each fide of the bank; @ 6 
is the bottom of the bank four feet thick, 
c d is the top of the bank two feet thick, 
and 7 s is the perpendicular height of it 
four feet, The ground on each fide of 
the bank, is to be of ſuch breadth, that 

| the 
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the earth dug up there may ſerve to 
make up the bank to the intended height 
and thickneſs. As in the preſent caſe 
the area g, of the two ſections of dug or 
ploughed earth 2, f,e, and 5, /, e, amount 
to twelve ſquare feet, and the area of the 
ſection of the bank a, c, d, 6, 1s alſo 
twelve feet, and therefore the earth dug 
up is juſt ſufficient to make up the 
bank. 

The foundation of the bank is made 
with turf laid length-ways, and joining to 
the lines made to mark out the founda- 
tion, and the intermediate ſpace filled with 
earth, beat down cloſe and level with 
the turfs. The next layer ſhould be of 
turf, laid acroſs the firſt, and of ſuch a 
a length that their ends may meet in the 
middle within a foot; and at every fix or 
ſeven feet diſtance, the turfs laid acroſs 
ſhould be long enough to reach the whole 
breadth of the bank, and theſe ſerve to 
bind the whole together. The inter- 

mediate 
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mediate ſpace in the middle being filled 
up and beat level with the turf and earth 
as the firſt, make then two more layers as 
before, and proceed in the ſame manner, 
until the bank is raiſed to the intended 
height. As the work is carrying up, the 
outſides of the bank ſhould be beat cloſe 
and ſmooth, and this repeated afterwards 
when they are moiſt with rain, which 
will cloſe the ſeams, and unite the whole 
into one ſolid body. The middle of the 
bank ſhould be filled with good mould, 
eſpecially towards the top, where the fi- 
brous roots of the ſetts will be moſt nume- 
rous. The top of the bank ſhould be two 
fect broad, filled with the beſt mould, 
and levelled, 

The beſt time to raiſe theſe banks 1s 
early in the ſpring ; the graſs will form 
a ſwarth on the ſides of the bank in ſum- 
mer, which being beat cloſe and ſmooth 
when they are moiſt, will effectually con- 
ſolidate them : and ſuch banks well made 

at 
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firſt, will laſt many years, and want very 
little or no repairing. 

It is cuſtomary to tranſplant quickſets 
in the ſpring; butifdry weather ſucceeds, 
many of them are killed, or fo much 


weakened that they never recover : nor 
are ſlight ſhowers of rain ſufficient to 
keep them moiſt, becauſe they are plant- | 
ed upon floping banks. The beſt time q 
to tranſplant theſe ſets is in October; for 
though they do not grow in winter, they 
are preparing to throw out new roots and | 
buds early in the ſpring, and proceed in | 
their growth without any check, which | 
thoſe tranſplanted in ſpring are always ; 
liable to. þ 

Fences made in this manner, are in 1 
every reſpect preferable to thoſe com- 6 
monly made with, ſloping banks; with 
this further advantage, that theſe do not 
require ditches to carry off the rain wa- 
ter. The ground on both ſides being dug 
ſhelving towards the foot of the bank, 
D {ſerves 
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ſerves to carry off the water; and as the 
ground is dry again in a ſhort time, cattle 
may lie cloſe to the bank, which makes 
a very good ſhelter for them. Nor is any 
ground loſt; the ſloping fides being ſown 
with white Dutch clover ſeed, is a paſ- 
ture for the cattle ; and fo is the fides of 
the bank, that produce ſome graſs, to 
which the cattle can reach to feed upon 
them. The dimenfions of the banks 
here laid down, are ſufficient for any com- 
mon infide fences. But for outſide fences 
or much expoſed places, the banks 
may be ſomewhat thicker and higher 
and the quickſets having more mould to 
ſpread their roots in, will grow the more 
vigorouſly. - When theſe fences are made 
in declining grounds, that lie ſhelving 
towards one ſide of the bank, the rain 
water that runs from the field, together 
with what runs that way from the ſlope 
dug up to make the bank, may accumu- 
late to ſuch a body of water, as may wear 

away 
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away the foot of the bank. In ſuch ſitu- 
ation the foot of the bank may be de- 
fended by ſtones laid under the founda- 
tion, as at /, 6, Pl. I. fig. 1. Or if that is 
not ſufficient make a ſmall ditch near 5. 

As the bank ſhould be made in the 
ſpring, and the ſets not tranſplanted until 
autumn, the mould at the top of the bank 
ſhould in the mean time be repeat- 
edly well dug or hoed, which will be a 
ſummer fallowing to it, will keep the 
earth mellow and open, and cleanſe it 
from weeds more effectually than can be 
done after the quick is planted. 

The ſetts ſhould not be tranſplanted 
from the nurſery until they are at leaſt 
half an inch thick : their tap-roots when 
taken up, ſhould be ſhortened to ſeven or 
eight inches, the fibres trimmed, and the 
tops of the ſets cut off to within two 
inches of the crown of their roots, and 
immediately tranſplanted upon the banks 
in a double row, each row fix inches di- 


D 2 ſtant 
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ſtant from the verge of the bank, which 
will leave a ſpace of a foot wide in the 
middle between the rows; the plants at 
four inches diſtance in the rows. They 
ſhould be planted when the earth is moiſt 
or an appearance. of rain, with a trowel, 
which is a much better way than with a 


dibble. 
Next ſummer the ground ſhould be 


kept clean from weeds, and if hoed be- 
tween the rows the plants will thrive the 
better. In October cut down the ſhoots 
produced in ſummer to within ſix inches 
of the ground, and cut the ſide branches 
within two inches of the ſtems. This 
cutting will thicken the ſets at bottom 
and no more cutting will be neceſſary, 
but to trim up the fides every autumn 
with a ſharp hook. The ſtrong leading 
ſhoots that overtop the reſt ſhould alſo be 
ſhortened, and the hedge cut at top when 
riſen to about three feet and a half high; 


for then the bank and hedge together 
will 
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will be between ſeven and eight feet high, 
which will be a defence againſt any cat- 
tle, or deer. 

To prevent cattle from cropping the 
young quickſets, ſtakes of two feet and a 
half long ſhould be driven near a foot 
deep into the top of the bank, next the 
edges on each fide, and leaning outwards. 
Into theſe ſtakes work in buſhes of the 
black or white-thorn, or ſtrong furze, 
with the bruſh outwards; which will 
ſecure the quick until it is grown up and 
out of danger. By this method an im- 
mediate fence is made, and when the 
quick is grown up, is much ſuperior to 
the common fences, and advances to ma- 
turity in a ſhorter time. 

The uſual method of raiſing quick 
| hedges is from ſets ; yet it is ſtill a better 
way to raiſe them from the ſeed, which 
may be very conveniently done upon 
theſe banks. As, inſtead of taking the 
ſetts from a nurſery, the haws are ſown 
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directly from the trenches in which they 
were laid the firſt winter, into the ground 
where they are to remain, Sow them in 
two drills on the top of the bank, in Oc- 
tober, at the ſame diſtance as the ſets; 
but much thicker in the drills, or not 
above an inch apart. They will come 
up the ſame as in the nurſery, and are to 
be kept clean in the ſame manner by hoe- 
ing and weeding. When they are come 
up, it may be ſeen in ſummer which 
are the moſt thriving and ſtrongeſt plants; 
theſe are to remain, and the weak ones 
are to be drawn up carefully in October, 
leaving the others at about four inches 
diſtance in the rows. The remaining 
ſtrong plants may afterwards be manag- 
ed as directed for the ſetts. In this me- 
thod there is no time loſt, but, on the 
contrary, the plants from ſeed, having 
long tap- roots, and a greater depth of 
mould to grow in than thoſe in the nur- 
lery, and not being checked by tranſ- 

plant- 
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plantation, will make a quicker progreſs, 
and become ſtronger plants than they. 
For it is found by experience, that plants 
raiſed from ſeed, will outgrow the tranſ- 
planted ſetts, when both are equally cul- 
tivated in every other reſpect, and in the 
ſame ground. It has indeed been ſaid, 
that tranſplanted lucern grows more vi- 
gorouſly than the ſeedling plants, when 
both are cultivated alike, and in the ſame 
ſoil ; but it is to be obſerved, that in 
the experiments made upon this plant, 
the tranſplanted lucern was always al- 
lowed moſt room : for though the rows 
of both were at the ſame diſtance, yet 
the plants were not ſo in the rows; the 
tranſplanted being ſet at ſix inches diſ- 
tance, or more, in the rows, but the 
others were ſown thick in them by hand: 
ſo that in this reſpect, there was no juſt 
compariſon. As two rows of quick: ſetts 
make better fences than three or four, 
it may be worthwhile to enquire, whe- 
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ther a ſingle row may not do as well, or 
better than a double one. By ſome ex- 
periments made with ſeveral quickſets, 
particularly with crabs, I have ſome 
ground to think that very good fences 
may be made with a fingle row. It 1s 
obſervable in old hedges, where the 
plants of black or white-thorn have been 
cut down, there ariſes from the ſtumps, 
ſuch a number of ſhoots, ſo ſtrong and 
full of long ſharp ſpines, that no cattle 
will attempt to get through them; being 
much ſtouter than the common ſhoots 
in the ſame hedge. This is occaſioned 
from the numerous roots of ſuch plants, 
which furniſh the young ſhoots with a 
larger proportion of nouriſhment : and 
the ſame is obſerved in fruit trees when 
much pruned, they grow more luxuri— 
ant, and produce more wood, than they 
did before. By the amputation of their 
branches, their roots bear a larger pro- 
portion to their heads, and furniſh them 

with 
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with a larger ſupply of the vegetable ali- 
ment. Upon this proportion depends 
the thriving of plants in general: and as 
the growth and vigour of the roots of a 
fingle row, can be more encouraged and 
promoted by cultivation, than thoſe of 
many rows crowded together; the vi- 
gour of the ſingle plants will be in pro- 
portion. 

The goodneſs of ſuch fingle fences 
does not conſiſt ſo much in their lateral 
branches, as in the ſtems of the plants: 
for when they ſtand pretty cloſe in a 
line, they form a ſtrong fence, Thus 
the ſtem of a plant of the white or black - 
thorn in a thick hedge, is eight or nine 
years in gaining an inch in diameter 
which may be ſeen by cutting their ſtems 
acroſs, and obſerving the number of rings 
or circles, in them: each circle is a 
year's growth. But ſtanding fingle, and 
well nouriſhed, will gain as much in 
little more than half that time; and 

| there- 
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therefore in a ſingle row, ſet at the diſ- 
tance of fix inches, the ſtems will ap- 
proach ſo near to each other in a few 
years, that no cattle can paſs between 
them; eſpecially if ſtrengthened and 
held together, by working ſome rods in 
between them. 

But the ſtrongeſt fences of all, and 
impregnable, may be made with plants of 
larger growth than the thorns or crabs, 
planted near each other in a ſingle line, 
upon ſuch a bank as is above deſcribed. 
All trees that riſe with ſtraight ſtems are 
fit for this purpoſe, the elm particularly, 
the beech, and hornbeam. Elms are re- 
markable for growing well in conſort ; 
and may be frequently ſeen growing in 
hedges thirty or forty feet high, and fo 
cloſe that their trunks almoſt touch one 
another. No cattle are able to penetrate 
a line of theſe trees ſo planted. 

It is not, however, neceſſary that they 
ſhould riſe to ſuch a height for a fence. 

But 
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But if topped at the height of ten or 
fifteen feet, and the branches kept cut 
on the two oppoſite ſides, they make one 
of the moſt ſecure and durable fences 
imaginable, and afford an excellent ſhel- 
ter, without injury to the products of 
the fields ſurrounded by them. 

The horn-beam may be raiſed from 
ſetts, or ſeeds, and trained in the ſame 
manner, and has one advantage above the 
others, that it uſually retains its leaves 
in winter, and makes a warm ſhelter 
then to graſs and eaitle. 

Furze makes a good fence in poor land, 
where few other plants will thrive. The 
uſual way of raiſing it, is on the tops of 
the banks, from ſeed ſown in autumn, 
or early in the ſpring, in one or two 
rows. But in this way it riſes too thick, 
and the plants ſo crowded, that they are 
much weakened ; and as they root ſhal- 
low, are very ſubje& to die in patches, 
and the hedgeis of little ſervice. The beſt 
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way of raiſing them is on the top of fuch 
2 bank as above deſcribed ; the ſeed ſown 
very thin, in two rows, as common quick- 
{cts, the rows at a foot diſtance in the 
middle of the banks, and fix inches from 


the verges on each ſide. When they are 


about half grown, cut down in October 
one of the rows almoſt cloſe to the 
ground, which will ſoon ſpring up again 
and as ſoon as this has advanced about half 
way, cut down the other row in like 
manner. By proceeding thus to cut the 
rows alternately, the bank will never be 
left quite bare; and by cutting them down 
before they are grown old, they readily 
produce new ſhoots. The neglect of 
this is the principal cauſe that furze 
hedges are ſo apt to die when cut. The 
furz moſt proper for theſe hedges, 1s the 
ſort called French furze, being of a larger 
growth than the common fort. 

There is, however, one inconveniency 


that commonly attends furae hedges; they 
are 


Or FENCES. ax 


are apt to produce conſiderable quantities 
of ſeed, which being blown about by the 
wind, or carried thither by birds, fill the 
contiguous lands with young furze; and 
this being repeated every year, it is trou- 
bleſome and expenſive to keep the land 
clear of them. This may in a great mea- 
ſure be prevented, by trimming the ſide 
branches with a hook, which will make 
them grow thick and cloſe, and obſtruct 
their bloſſoming: and many of the 
branches that would produce ſeed are cut 
away. For theſe reaſons the round furze 
buſhes upon commons produce none. 
They are continually cropt by cattle and 
ſheep, and grow fo thick and cloſe, that 
the ſun and air have not free acceſs to en- 
courage their bloſſoming and production 
of ſeed. 

There are ſome ſoils ſo poor, that they 
cannot be fenced with quickſets: for 
ſcarce any plants fit for that purpoſe wall 
thrive in them, There is a remarkable 
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46 OF FENCES. 


inſtance of this in a letter to the Edin- 
burgh Society; the author whereof ſays 
he had been twenty years a farmer in 
England, and when the letter was wrote 
he lived and occupied land in Scotland, 
which he attempted to incloſe with 
quickſet hedges, but without ſucces. 
The land was ſo light and ſandy that he 
could not make banks ſufficient, and his 
cattle eat or trod down every kind of 
fences he attempted to raiſe. 

At laſt obſerving, that none of the 
cattle touched the briar or eglantine 
plant, that grew naturally upon his land, 
he determined to try it for a fence; and 
for that purpoſe gathered a quantity of 
the hips in Autumn, kept them in ſand 
during the winter, and in ſpring rubbed 
out the ſeed and ſowed them in drills up- 
on his low banks; they ſhot up to ſuch 
a confiderable height, that the ſecond 
ſummer they made a good fence, few of 
his cattle venturing to break through it. 

Some- 


Sometimes, he ſays, his ſheep attempted 
it, but were ſo entangled in the prickly 
buſhes that they could not extricate 
themſelves, and would have died there 
if he had not cut them out. The letter 
was wrote ſome years after he had raiſed 
theſe fences, which, he ſays, continued 
ſtill to thrive and grow vigorouſly; and 
thus he obtained good fences at a very 
cheap rate. 

Another plant, that, if rightly ma- 
naged, would make make good fences, 
is the bramble. In good moiſt land it 
makes long vigorous ſhoots in a ſeaſon, 
and upon banks where it gets footing, it 
over-runs moſt other plants, grows ſo 
thick, and entangled together, that no 
cattle, or even hogs, are able to make 
their way through it. It will grow from 
ſeed or layers, and if raiſed on the top 
of a good bank, this deſpiſed plant would 
without doubt make a ſtrong fence in a 
ſhort time. It naturally trails upon the 
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ground; but if worked into ſtakes driven 
into the bank, a ſtrong eſpalier fence 
might be made with it, a yard or more 
in height. As lands of different forts 
and ſituations, require different methods 
of fencing, and in others a variety of 
them, I have been the more particular, 
that every perſon may make choice of 
ſuch as he thinks will be moſt proper for 
his ſituation : without good fences no 
farmer can make the moſt advantage of 
his land; but will be liable to continual 
expence to keep his fences in repair, and 
to receive much damage in his crops 
from the neighbouring cattle, and his 
own; and therefore he will find his ac- 
count in making his fences ſtrong and 
ſubſtantial at firſt, and never ſuffer them 
to run to decay, for want of neceſſary re- 
paration. 

Lands that lie contiguous to rivers, 
and large pieces of water, and are ſubject 
to be overflowed by them, require to be 

fenced 
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fenced in a manner different from any 
hitherto mentioned, by banks of earth, 
of a height and thickneſs, proportioned 
to the riſe and motion of the water. 

Still water does not much wear the 
banks, as of ponds and other ſtagnated 
water, where the banks, though ſteep, laſt 
a conſiderable time without much repair- 
ing, eſpecially ſuch as conſiſt of ſtrong te- 
naceous earth. But the banks of rivers 
that have a quick current, of tide rivers, 
and wherever the water has any conſider- 
able motion, are there continually wore 
down and wafhed away by the agitation 
of the water. 

The current of rivers 1s uſually quickeſt 
at the ſurface, and for that reaſon the 
banks would be fir(t worn away at or 
near their tops; and this happens where 
they have no covering to defend them 
but in meadows where the banks are co- 
vered with graſs, the roots of the graſs 


are interwoven and matted ſo cloſely, 
E that 
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that they bind and hold together the top 
mould, which the current cannot ſo eaſily 
looſen as the lower part of the bank, that 
lies expoled to the water, and has no roots 
of graſs to ſecure it. Hence it is that 
ſuch banks are worn away hollow below 
the turf, till the upper part, thus deprived 
of its ſupport, becomes top-heavy, breaks 
off from the land, and falls into the river. 

In this manner the ſteep banks of rivers 
are waſhed down ; as thoſe of the Severn, 
where ſometimes a great part of an acre 
of the land, breaks down at once, and is 
waſhed away. This always happens at 
an elbow or bending of the river, which 
is continually gaining there upon the land 
and retiring from the oppolite ſide, 

The banks made againſt a river, to ſe- 
cure the contiguous lands from being 
overflowed by it, ſhould be raiſed higher 
by a foot and a half, than the river is 
ever known to riſe to, in the greateſt 
floods, after allowing for the ſettling of 

the 
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the earth whereof the banks are made, 
which is greateſt in ſoft loamy ſoils, 
Theſe banks ſhould by no means be made 
like a wall, with a perpendicular or up- 
right fide facing the river; for ſuch up- 
right banks, are, for the reaſons already 
mentioned, no durable ſecurity againſt 
running water. But the banks ſhould be 
made ſloping from the higheſt part down 
towards the river; and the more gently 
they ſlope, the leſs liable they are to be 
worn away by the ſtream, or motion of 
the water. 

Pl. I. fig. 2. is the ſection of a bank 
made againſt the river rr, gradually high- 
er from à to bb, where it is raiſed above 
the higheſt flood 5s, and being made of 
good earth, and covered with turf, well 
beat down to cloſe the ſeams, will perfect- 
ly ſecure the adjoining lands from being 
overflowed ; and if well performed, will 
laſt for a long time. No general rule can 
be laid down for the exact ſlope of theſe 

E 2 banks, 
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banks, nor is a ſmall variation of conſe- 
quence, provided the earth they are made 
of, and the turf with which they are co- 
vered, are of good earth. 

But where the banks are conſiderably 
higher than the common ſurface of the 
water, though theſe banks will prevent 
the floods from extending further upon 
the land, they cannot ſtop the waſhing 
and wearing away the earth of the up- 
right banks next the river, but they will, 
without ſome further ſecurity, be con- 
tinually ſubject to waſh down, become 
hollow, and wear away. To defend 
them with wharfing of ſtone or timber 
only, for the purpoſe of ſaving ſome 
land, would be attended with an expence 
that the value of the land ſaved is not 
ſufficient to repay; unleſs where ſuch 
wharfing is neceſſary to ſecure houſes, 
or other buildings; or to make a con- 
venient key for loading or landing of 


goods, 
The 
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The cheapeſt method for this pur- 
poſe, is by ſuch fences as the Dutch 
make, to ſecure their dams from the ſea. 
They are made in the water, near and 
parallel to the banks; and though not 
ſtrong enough of themſelves to defend 
the banks, yet being ſupported on both 
fides by the water, the force of its mo- 
tion is ſo much weakened, by the reſiſt- 
ance of the water on the inſide of the 
fences, that it is very gentle there; and 
the banks are then wore but little more 
than the banks of a pond, or other ſtand- 
ing water, 

Theſe inſide fences are made by driv- 
ing a row of ſtakes or piles in the river, 
parallel to the bank, and near together, 
to ſtand as high as the ſurface of the wa- 
ter, and into theſe ſtakes are to be worked 
buſhes of black or white-thorn, or furze, 
which are very proper for this uſe, with 
the bruſh pointing towards the river. 
This hedge being ſupported by the wa- 
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ter between it and the bank, reſiſts and 
ſtagnates the current or tide in the river, 
and is by that means a great ſecurity to 
the bank. | 

Another method that ſome take to ſe— 
cure banks from the waſhing of the wa- 
ter, is by ſmall wings or jettees of tim- 
ber projecting from the bank a little way 
into the river. Theſe check the current 
of the water from one wing to the other, 
and anſwer the end very well while they 
laſt; but the check given to the ſtream 
cauſes an eddy between the wings, and as 
the water riſes a little there, and, by its 
weight and motion, wears away the earth 


at the ſides and bottom of the wings, the 


timber work is thereby looſened, and then 
carried away by the current. 

Vhen there is plenty of ſtones or large 
chalk at hand, and the owner is willing 
to be at the expence of it, ſuch banks 


may be effectually ſecured by throwing in 
the {tones or chalk cloſe to the bank, and 
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laid ſhelving from the ſurface of the wa- 
ter next the bank to ſome diſtance into 
the river. The longer the ſlope is made, 
the more ſecure it will be, and the leſs 
hable to be carried away by the ſtream. 
And in order to ſecure it from being car- 
ried away or removed, rows of piles ſhould 
firſt be drove into the bed of the river, 
acroſs the ſtone-work, the heads of them 
to ſtand as high as the ſurface of the water 
next the bank, and graduallylower, thefur- 
ther they extend into the river, ſo as to an- 
ſwer the ſlope of the ſtones or chalk, above 
which it is not neceſſary they ſhould rile. 
The ſlope, or ſhelving of the ſurface 
of this work, may be determined by ex- 
tending it into the river to twice the diſ- 
tance of the depth of water. Thus ſup- 
poſe the water is fix feet deep at the 
bank, the ſtone work ſhould extend from 
thence twelve feet into the river, ſloping 
- all the way. If it is carried out further 
it will lie the more ſecure, but ſhould 
E 4 not 
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not be of a leſs extent, unleſs the ſtones 
are very large. 

The piles ſhould be driven before any 
ſtones are thrown in, in rows three or 
four yards diſtant, and at ſuch diſtance in 
the rows that the large ſtones cannot paſs 
between them. Piles of oak are ſtrong- 
eſt, but fir piles are alſo very proper: for 
if they are of ſound timber at firſt, they 
will never decay, as they are conſtantly 
under water: nor can they be wore away 
by the ſtream, being on all ſides defended 
from it by the ſtones. Large ſtones 
ſhould be thrown in at top, and ſmaller 
between; and the gravel and ſand 
brought down by the current will fill up 
the cavities, ſo that the whole will in a 
ſhort time become a cloſe ſolid body, and 
effectually guard the bank from any wear- 
ing by the motion or current of the wa- 
ter. In this manner I ſecured the bank 
of a rapid river, about nine feet deep, 
above twelve years ago, and the work 

| lies 
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lies firm, notwithſtanding the rapidity of 
the ſtream that continually waſhes it, 
and frequent high floods to which the ri- 
ver is ſubject. - 

Admitting the depth of the water to 
be ten feet, and the work to extend 
twenty feet into the river, theſe two 
lines being two ſides of a triangle, right 
angled at the bottom of the bank, will 
determine the quantity of ſtone work, the 
ſection of which, in this caſe, will be a 
hundred ſquare feet in the area, and 
every foot forward will require one hun- 
dred cubical feet of ſtone work, or about 
three cart loads; and thus the expence 
is eaſily computed, according to the diſ- 
tance from which the ſtone is to be 
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MISCELLANEOUS 


DISSERTATIONS 


ON 


RURAL SUBJECTS, 


The ſeveral kinds of manures uſed in huſ- 
banary.—Of the operation of manures 
upon land; and the different things re- 
lative thereto confidered.—Of the princi- 
cipal jingle manures, marle, chalk, lime, 
and limęſtonc-gravel.— A ready method of 
diſtinguiſhing marle from other kinds of 
earth. Of the compoſition of marles, and 
what foils each ſort is moſt proper ſor.— 
Apernicious fort of clay reſembling marle, 
and how to diſtinguiſh it.— Tat marle 
does not attract ſalts from the air.—T he 
methods of ſearching for marles, and 
other faſſil manures.—Chalk beneficial to 
both ſtrong and light lands. The man- 
ner of its operating-on both.—Lime by 
ſome ſuppoſed to be an impoverifher of land. 
The ground and error of that opinion. 
— Several ways of burning lone and 
chalk into lime.—T he beſt conſiruction of a 
Iime-kiln. — Of ſoap-bouler's aſhes ; the 
afferent forts of them. O, ſherp's dung, 

; and folding. -Of compoſts, and the beſt 

x way of mixing them. —Of powdered ma- 

nures; and foul falt, —Of new compoſts, 

recommended by Dr. Hunter of York.— 
liquid manures. 


Of MANGEEES6 


HE uſe of manures is to enrich 

land, or to correct its too great 
ſtiffneſs, looſeneſs, or other natural im- 
perfections. 

Many different ſubſtances are made 
uſe of for theſe purpoſes; and it is found 
by experience, that moſt kinds of mat- 
ter, ' which ferment, corrupt, or fall in- 
to powder in the ſoil, are improvers of 
it. 

Manures are commonly divided into 
three claſſes, viz. vegetable, animal, and 
foſſil. | 

Vegetable manures are whole plants, 
or parts of them, ploughed into the 
land, while in a growing ſtate, and in 
full ſap; as clover, peaſe, vetches, buck- 

wheat, 
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wheat, ſea-weeds, &c. and the ſeveral 
parts of plants, their roots, branches, 
leaves, bark, and ſeed, Alſo ſaw-duſt, 
malt-duſt, peat-aſhes, wood-aſhes, and 
ſoot, rape-duſt, kelp, and vegetable ſalts 
and oils, &c. 

Animal manures are the ſeveral parts 
of animals, their fleſh, fat, blood, in- 
wards, hair, bones, horns, hoofs; and 
the dung and urine of animals, horſes, 
black cattle, ſheep, hogs, pigeons, poul- 
try, rabbits, human ordure and urine, 
woollen rags, &c, 

Foſſil manures, are ſeveral kinds of 
earth, clay, ſand, chalk, marle, ſhells, 
lime, limeſtone-gravel, common ſalt, 
&c. All theſe, and mixtures of them, as 
ſoap- boiler's aſhes, tanner's-bark, lime 
rubbiſh, &c. are found uſeful for improv- 
ing and enriching of land. 

Rich loams conſiſt of a due proportion 
of clay or ſtrong earth, and ſand. They 
areof a crumbly, mellow, flexible nature, 
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and eaſily tilled : they are not ſubject to 
the imperfections of other ſoils, to cake, 
burn, or parch, with drought or heat ; 
nor to poach after rain: but conſtantly 
retain a degree of moiſture ſufficient for 
vegetation ; but not ſo much as to ob- 
ſtruc the plough, or ſtick to the ſhoes in 
walking over them immediately after 
rain. Such foils, being naturally fer- 
tile, require little or no manure, or ſu- 
perinductions of any kind; but may, 
with proper tillage and cropping, be 
kept in a continued tate of fertility. 
Moſt forts of land that deviate from 
the conſtitution of the rich loams, may 
be brought to reſemble them by mix- 
tures of other earths. Clays, and very 
ſtrong lands, are brought into a proper 
temper by laying on them a due quan- 
tity of ſandy light earth; and light lands, 
by laying on clay and ſtrong earth. Theſe 
are laſting improvements, but they are 
attended with great expence, The dig- 


ging 
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ging, carrying, ſpreading, mixing, and 
incorporating large quantities of thoſe 
earths with the land, are too chargeable 
for common farmers to perform exten- 
ſively; for which reaſon they muſt have 
recourſe to manures and tillage, to re- 
ſtore the fertility of their lands, exhauſted 
by repeated crops. In what manner the 
different manures operate to produce this 
effect, is next to be conſidered. 

It is a general property of manures, to 
ferment in the ſoils with which they are 
mixed. The fermentation excites an in- 
teſtine motion in the ſoil, divides and 
ſeparates the part of it; which is appa- 
rent from its ſwelling and crumbling : 
the fermentation does not however make 
any addition to the vegetable food of the 
ſoil ; for that remains the ſame, whether 
it is divided into many or few parts: but 
a minute diviſion is an excellent prepara- 
tion of the ſoil, to receive a new ſupply 


of the. vegetable food from the atmo- 
ſphere, 
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ſphere, which is ſtored with all the 


variety of matter neceſſary for the nou- 
riſhment of plants. Fermentation there- 
fore opens the ſoil, and multiplies the 
pores of it : the air, dews, and rain, find 
an eaſy entrance into theſe pores, and de- 
poſit there the nutritious particles; and 
at the ſame time render the ſoil pervious 
to the tender fibrous roots, into the pores 
of which they extend, and thence collect 
their nouriſhment. - 

The vegetable food enters but a little 
way into the land, unleſs it is opened by 
tillage or manure; the richeſt ſoils are fo 
only near the ſurface; if dug or ploughed 
deeper than uſual, though the deeper 
earth is naturally as good as the ſurface, 
yet it will not produce ſo good crops, till 
it is opened by tillage or manure; and 
alſo expoſed for ſome time to the influ- 
ences of the atmoſphere, and receives 
from thence the vegetable food. This is 
a fact generally known to huſbandmen. 

: F Land 
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Land of a deep ſtaple, that has been 
ploughed deeper than uſual, requires 
more than the uſual quantity of manure 
to keep up its fertility. If tilled to the 
depth of eight inches, it will require 
more manure to enrich ſo large a quan- 
tity of earth, than it did when tilled but 
to ſix inches deep; but this additional 
expence will be overpaid by an encreaſe 
in the crops. 

Fermentation is. one of the principal 
means whereby the earth is enriched, and 
is not the effect of manures only, but is 
excited in ſome degree, by every change 
in the temperature of the air; by heat, 
cold, dryneſs, or moiſture, the particles 
of the ſoil are put in motion, divided, 
and new pores or cavities opened, into 
which the nutritious aliment is depoſited 
from the atmoſphere. Without ſuch a 
continual ſupply, the earth would ſoon 
be reduced to a ſtate of barrennelſs ; 
as the plants that grow upon it are 

con- 
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conſtantly draining it of the vegetable 


food. 
But though manures act principally by 


fermentation, they may, and probably do, 
operate in other different ways upon the 
ſoil, whereof no certain account can be 
given, as we are not furniſhed with ex- 
periments neceſſary to determine them, 
for notwithſtanding the general uſe of 
manures, the practice of farmers in that 
reſpect, and their obſervations upon their 
effecte, are by no means ſufficiently ac- 
curate to eſtabliſh any juſt theory. Yet, 
of ſuch importance to agriculture is the 
knowledge of manures, their natures, 
and manner of operation, that an en- 
quiry into them, ſo far as we have facts 


to proceed upon, cannot here be wholly 
omitted. We ſhall therefore conſider 
what ſome of the moſt ingenious modern 
authors have ſaid upon this ſubject, and 
take notice how far their theories appear 


to be well founded, or ſeem defective. 
F 2 Not 
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Not however with an intention of deter- 
mining poſitively upon this abſtruſe ſub- 
ject, but in ſome meaſure to pave the 
way for future experiments. 

The principal difficulties in relation to 


the operation of manures, are concern- 


ing the vegetable and animal kinds, 


which, if they could be clearly deter- 
mined, would in a great meaſure deter- 


mine the reſt. That they all excite a fer- 
mentation in the ſoil, as above deſcribed, 
is generally admitted; the difficulty 
lies in determining whether they have 
any other conſiderable effect, and enrich 


it by furniſhing the pabulum, or food, by 


which the plants that grow therein are 
fed and nouriſhed. 

When land is manured with veget- 
ables, or with the parts, or dung of ani- 


mals, they ferment and putrify therein, 


and by the putrefaction they are diſ- 
ſolved, and reduced to their firſt princi- 


ples. Theſe manures are found to be 
great 
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great fertilizers of land, and as their 
principles are ſuppoſed to be of the ſame 
nature with thoſe of the plants that grow 
upon the land, and that they are much 
nouriſhed, and encreaſe in growth, by 
the application of theſe manures, it is 
concluded that the plants are fed and 
nouriſhed by the diſſolved principles of 
of the manure ; and that the ſalts and oils 
of the putrified manures, are abſorbed 
by the roots of the growing plants, and 
aſſimilated to their ſalts and oils, 

This appears to be a probable theory, 
and in confirmation of it, it is found, that 
many roots of plants cultivated in kitchen 
gardens, that have been much dunged ; 
are tainted by the dung, and have a 
rank taſte: and M. Duhamel gives an 
inſtance of the ſeed being alſo ſo much 
tainted by human ordure, that horſes re- 
fuſed the oats that grew upon a field ma- 
nured with it. 
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There are however ſome material ob- 
jections to this opinion of the operation 
of theſe manures, which ſhall be taken 
notice of, after reciting the opinion more 
particularly, as ſtated by ſome of the in- 
genious ſupporters of it. 

« Manures, fays Mr, Dickſon, operate in 
all the different ways by which vegeta- 
tion 1s promoted : they operate by com- 
municating to the foil, with which they 
are mixed, the vegetable food which 
they contain — by communicating to it 
a power of attracting this food in greater 
plenty from the air — by enlarging the 
vegetable paſture which it contains — 
and by diſſolving the vegetable food, 
which it is already poſſeſſed of, and fit- 
ting it for entering the roots of plants.— 
If the qualities of dung are conſidered, 
it will appear, that it promotes vegeta- 
tion in all the different methods men- 
tioned. 

& While 
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„ While bodies are in a ſound ſtate, 
their parts adhere firmly together, and 
they are incapable of being turned into 
the parts of other bodies. To render them 
capable of this, they muſt be reduced to 
their firſt principles. This is done by 
corruption, It is obſerved, that by cor- 
ruption, all the parts of bodies are re- 
laxed, and the ſalts, oils, and other juices 
which they contain, from being fixed, 
are made volatile.” 

5 It is, ſays Dr. Hunter, of great mo- 
ment, to fix upon what is really the nu- 
triment of vegetables, as it will enable 
us to conduct our compoſt dunghills up- 


on juſt and rational principles. The doc- 


trine of manures is but little underſtood. 
The farmer ſhould at all times retain in 
his memory a general idea of them. He 
may divide the manures into four kinds. 
«* 1. Such as give nouriſhment only, 
2s rape-duſt, ſoot, malt-duſt, oil-com= 
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poſt, blood-compoſt, pigeon's=dung, me 
all hand-dreflings. 

« 2, Such as give nouriſhment; _ 
add to the ſoil; as horſe-dung, cow - 
dung, human ordure, rotten animal and 
vegetable ſubſtances. * 

« 3. Such as open the ſoil, and do not 
nouriſh in their own nature; as lime, 
light marles, ſand, and vegetable aſhes. 

* 4, Such as ſtiffen the ſoil, and at the 
ſame time nouriſh a little; as clay, clay- 
marles, and earth. 

« We cannot pay too much attention 
to every thing that relates to manures z 
without their aſſiſtance, the richeſt ſoils 
would ſoon be reduced, by frequent crop- 
ping, to a barren ſtate, It is pleaſing to 
obſerve, how the diſſolution of one bo- 
dy is neceſſary for the life and increaſe 
of. another. All nature is in motion. In 
conſequence of the putrid fermentation 
that is every where carried on, a quan- 


tity 
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tity of vegetable nutriment aſcends into 
the atmoſphere. Summer ſhowers return 
much of it again; but part falls into the 
ſea, and is loſt.” 

& Were vegetables, ſays Dr. Home, 
to be deſtroyed, only by external force, 
by far the greateſt part of them would 
remain untouched, and ſo be an uſeleſs 
burthen on nature, Were they to be 
deſtroyed by an internal fermentation, as 
at preſent, without having their parts vo- 
latilized ; the particles to which they 
muſt be reduced, would. be continually 
waſhed off ſrom the ſoil, carried into the 
ſea, and fo be of little uſe towards the 
nouriſhment of other plants. 

* The only proper and wiſe ſcheme is 


followed, the oils and ſalts, from being 


fixed, are volatilized, and carried up in- 
to the air, and deſcend again to fructify 
the earth.“ 


There is no doubt that the ſalts and 
oils of vegetable and animal manures, 
6 are 
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are volatilized by a putrid fermenta- 
tion; and it 1s the common opinion 
that they are thus fitted to enter the 
roots of plants for their nouriſhment : but 
if they are carried up into the air, and 
the earth is not fructified by them, till 
they deſcend again; of what benefit will 
this be to the field upon which'theſe ma- 
nures were laid? The farmer will have 
little reaſon to expect the return of thefe 
volatile particles, to the ſ pot from Weller 
they aſcended; but on the contrary, 
he may be almoſt certain, from their vos 
latility and extreme lightneſs, that they 
will be divided and ſcattered in the at- 
moſphere to a great diſtance ; and though 
by an alteration in the temperature of the 
air, they do deſcend again upon the 
earth, with the dews and rain; unleſs 
they fall upon his land, and upon that 
particular ſpot he had manured with la- 
bour and expence, they will be of no ad- 
vantage to him, 
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This opinion, however, of the earth 
being fertilized from the atmoſphere, 
agrees with Mr. Tull's theory, which- is 
the moſt unexceptionable theory of ve- 
getation, that has been offered to the 
public. Yet, I know not how it has 
happened, that it has by ſeveral ingeni- 
ous perſons been miſunderſtood, and by 
the above quoted authors in particular, 
And as this is a matter of importance, I 
hope the reader will excuſe a digreſſion, 
in order to explain it. | 

Mr. Dickſon, fays, that“ Mr. Tull 
has endeavoured to prove, that earth 
is the food of plants, and hence infers, 
that to divide the earth into minute par- 
ticles, by which it is fitted for entering 
their roots, is all that is neceflary in agri- 
culture; and this he aſſerts may be done 
by tillage, without manure. Bur it is 
abundantly evident, that other principles, 
beſides earth, are in the compoſition of 
this food; and if this is true, the want 


of 
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of manures, which provide theſe other 
principles, cannot be ſupplied by tillage. 
Suppoſing we allow, with Mr. Tull, that 
earth is the food of plants, yet till it 
does not follow, that tillage may ſupply 
the place of manures. It is certain that 
every particle of earth which we obſerve, 
is not of the kind that is the food of 
plants. Every foil is a compoſition. of 
different earths, ſeveral of which, it is 
obvious, are not of this kind.” 

The ingenious Mr. Tull, and others, 
ſays Dr. Hunter, have contended for earth 
being the food of plants, If fo, all foils, 
equally tilled, would prove equally pro- 
lific. The increaſed fertility of a well 
pulveriſed foil, induced him to imagine, 
that the plough could ſo minutely divide 
the particles of earth, as to fit them for 
entering into the roots of plants.” 

That theſe gentlemen have miſtaken 
the theory, may appear from the follow- 
obſervations, 


1. Mr. 


Or MANURES. 77 


1. Mr, Tull, ſays, that manure is not 
neceſſary in the new, or horſe-hoeing 
huſbandry, particularly for corn: which 
he proved by his own practice ; and has 
fince been fully confirmed by the expe- 
rience of other ingenious cultivators. 


But he does not deny the benefit of ma- 


nure in the common huſbandry, but aſ- 
ſerts the neceſſity of it. Thus, p. 19, 
he ſays, © A conſiderable quantity of 
dung is ſo neceſſary to moſt corn-fields, 
that without it, little good can be done 
by the old huſbandry, &c.“ See alſo, p. 
211, 261, and ſeveral other places, to 
the ſame purpoſe. 

2. He ſuppoſes that earth is the food 
of plants, but does not exclude other 
principles: for in treating on this point, 
he ſays, p. 14, © And earth is ſo ſurely 
the food of all plants, that, with the 
proper ſhare of the other elements, which 
each ſpecies of plants requires, I do not 
find but that any common earth will nou- 
riſh 
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riſh any plant.” He thought that earth 
was the vegetable food principally, as 
being the moſt ſolid and fixed principle 
of plants, but he does not therefore ex- 
clude the reſt, any more than Dr. Home, 
who ſuppoſes nitre is that food ; or Dr. 
Hunter, who thinks it is oil; but nei— 
ther of theſe gentlemen exclude other 
principles, 

3. He ſuppoſes the vegetable food to 
conſiſt of exceeding fine particles, which 
adhere to the ſides of the pores or cavities 
of the ſoil, and theſe cavities he calls the 
paſture of plants, becauſe from them the 
roots colle& the vegetable food lodged 
there. Tillage divides the ſoil, multi- 
plies its cavities or pores, and opens a 


communication between them, where- 
by the roots have a free paſſage through 
the ſoil. The effect, therefore, of til- 
lage is to enlarge the paſture of plants, 
but does not encreaſe the fd itſelf. On 


the contrary, the more perfectly land is 
tilled, 
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tilled, the ſooner it will be exhauſted of 
its vegetable food, by the roots extend- 
ing more freely therein; unleſs it is ſup- 
plied with new vegetable food elſewhere. 
This freſh ſupply it receives from the at- 
moſphere, and receives it in proportion 
to the goodneſs of the tillage, and fre- 
quent repetition of it, at proper times 
and ſeaſons. * It has, ſays Mr. Tull, 
p- 23, been often obferved, that when 
part of a ground has been better tilled 
than the reſt, and the whole ground con- 
ſtantly managed alike afterwards, for fix 
or ſeven years ſucceſſively; this part that 
was but once better tilled, always pro- 
duced a better crop than the reſt, and 
the difference remained very viſible every 
harveſt. 

6 One part being once made finer, 
the dews did more enrich it; for they 
penetrate within, and beyond, the ſu- 
perfices whereto the roots are able to en- 


ter. The fine parts of the earth are im- 
pregnate 
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pregnate throughout their whole ſub- 
ſtance, with ſome of the riches carried in 
by the dews, and there repoſited; until, 
by new tillage, the inſides of thoſe fine 
parts become ſuperficies ; and as the corn 
drains them, they are again ſupplied as 
before. But the rough large parts can- 
not have that benefit; the dews not pe- 
netrating to their centers, they remain 
poorer.” 

And, p. 63, ſpeaking of ſucceſſive crops 
of wheat, obtained by the new huſband- 
ry, without manure, he ſays; If it 
ſhould be demanded, from whence the 
ſoil can be ſupplied with vegetable mat- 


ter, to anſwer what is carried off, by 


theſe conſtant crops of wheat, that the 
land be not conſumed by them: he an- 
ſwers, the ſoil in this our caſe, cannot be 
ſupplied in ſubſtance, but from the at- 
moſphere.” And then he proceeds 'to 


ſhew, how the vegetable food is en- 


creaſed, in well tilled land, by the dews, 
rain, 
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rain, &c. that deſcend upon it from 
thence. 

The earth, therefore, that he ſays is 
the vegetable food, is not the common 
crude earth, but ſuch as has been pre- 
pared in the atmoſphere. Nor did he 
imagine, that the particles of the earth 
could be ſo minutely divided by the 
plough, as to fit them to enter into the 
roots of plants; but ſays, p. 15, As 
to the fineneſs of the pabulum of plants, 
it is not unlikely that roots may inſume 
no groſſer particles, than thoſe on which 
the colours of bodies depend; but to diſ- 
cover the greateſt of thoſe corpuſcles, 
fir Iſaac Newton thinks will require a 
microſcope, that, with ſufficient diſtinct- 
neſs, can repreſent objects five or fix 
hundred times bigger than, at a foot diſ- 
tance, they appear to the naked eye.” 
Such a degrec of minuteneſs, as is impoſ- 


ible to be attained by fo rough an inſtru- 
ment as a plough. 
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I ſhall mention only one more inſtance 
of the miſapprehenſion of Mr. Tull's ſyſ- 
tem, by Dr. Home, p. 40, That the 
communication of the earth, ſays he, by 
the mechanical action of the plough, is 
not the chief means of increaſing the ve- 
getable matter, as Tull aſſerts, appears 
plainly from theſe two facts; that even 
the lighteſt ſoil is the better of fallowing; 
and that when fallow ground is laid up 
in ridges, more benefit is received than 
when it is left quite flat.” 

The mechanical action of the plough, 
and good tillage in general, prepares the 
earth to receive the vegetable matter, and 
ſo far is the means of increaſing it; but 
the increaſe of it is not the immediate ef- 
fect of ploughing, but of the influences 
of the atmoſphere; and this is what Mr. 
Tull aſſerts. The doctor's two facts 
produced againſt Mr. Tull's Theory, are 
the very ſame he has inſiſted upon in 


ſupport of it. He has ſhewn at large, 
the 
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the benefit of frequently ploughing light 
land, in order to prepare it for receiving 
the vegetable matter from the atmo- 
ſphere: and proves from reaſon and ex- 
perience, that laying land in ridges makes 
it more ſuſceptible of that matter, than 
laying it flat; becauſe when laid in ridges, 
a larger ſurface 1s expoſed to the atmo- 
ſphere, The miftakes made in this mat= 
ter, ſeem to have ariſen from Hot diſtin- 
guiſhing what Mr. Tull has ſaid of the food 
and paſture of plants; or perhaps from pe- 
ruſing ſome imperfe& edition of his huſ- 
andry ; his original work being very ſcarce. 
at to return from this digreſſion. 

As vegetable and animal manures con- 
tain the principles of vegetation, ſalts, 
oils, &c. and are found to be great fer- 
tilizers of land, it is generally thought 
that they have this effect from their fer- 
menting, putrifying, and diſſolving in 
the ſoil, and their entering the roots of 
the growing plants, for their food and 
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nouriſhment; and thus the ſalts, oils, 
&c. of the dung and other ſuch manures 
laid upon land, are ſuppoſed to furniſh 


the ſalts and oils of the crops that grow 


upon it. 

Though this is a plauſible way of ac- 
counting for the operation of theſe ma- 
nures, there are ſome material objections 
to it. For land 1s fertilized by pulveriz- 
ation, and the conſequent influences of 
the atmoſphere, without the ſalts, &c. 
of manure. This is fully proved by the 
new. huſbandry, The plants cultivated 
in that way without manure, grow as 
vigorouſly as if manured with dung; and 
are found to contain the very ſame prin- 
ciples, and no other, that plants of the 
ſame kind contain, which are dreſſed 
with rich manures. This clearly ſhews 
that the hoed plants receiye their nou- 
riſhment, their ſalts and oils, from the 
atmoſphere, and not from any ſalts and 


eils originally in the earth, For if any 
ſuch 
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ſuch were in it, before this tillage was 
begun, a few crops would — them,; 
as we ſee they do the fertility of new- 
broke land, or land enriched by fallow- 
ing; unleſs the fertility of ſuch land is 
recruited by tillage or manures. But in 
the way of horſe-hoeing, no manures are 
neceſſary to recruit the land; but its fer- 
tility continues, notwithſtanding the 
crops produced, and carried off from it 


every year, ſo long as the hoeing culture 
is continued. 


As it is a fact, that horſe-hoed plants 
grow as vigorouſly without manure, and 
contain the ſame principles as manured 
plants; whether they are manured with 
any one kind of manure ſingly, or with 
a compoſition of different kinds; alſo 
that land dreſſed with manures that con- 
tain fro oils or ſalts; as marle; chalk, and 
lime, nourith plants as well as if dreſſed 
with ſuch manut̃es that contain the largeſt 
proportion of both; it ſeems from hence 
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very probable, that plants receive their 
nouriſhmenr from the-. atmoſphere, in 
one caſe as well as the other; and that 
the eſſential parts of plants are not com- 
municated to them from manures. 

The effect of vegetable and animal 
manures, and of the hoeing huſbandry, 
in one reſpect is the ſame: they both 
open and pulverize the ſoil; whether 
theſe manures have any other conſider- 
able effect, is not certain. 

It is indeed true, that dung enriches 
land to a greater degree than tillage; 
but this does not prove this to be the ef- 
fect of its ſalts, and oils, in any other 
reſpect than pulverizing the land: for 
tillage without manure enriches land; 
more tillage enriches it to a greater de- 
grec; if this land is then dunged, it will 
be {till more highly fertilized. In the 
firſt caſe, its encreaſed fertility ariſes 
plainly from its being more pulverized ; 
why therefore ſhould not this effect of 

6 the 
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the dung be from the ſame cauſe, viz. a 
further pulverization ? for putreſcent ma- 
nures do, for a time, divide the ſoil 
more than tillage. | | | 
In a dunghill, the putreſcent ferment 
makes the ſalts and oils of it volatile; 
and being exhaled into the air, an earth 
only remains, of no great efficacy to en- 
rich land: if the dung is laid on the land, 
a fermentation alſo enſues, and the ſalts 
and oils being there likewiſe volatilized, 
aſcend into the air; all of them, as ſome 
think—a conſiderable part of them cer- 
tainly do; and therefore do not furniſh 
the crop with any vegetable food ; what 
remains ſeems inſufficient for that pur- 
poſe ; ſo that the principal effect of dung, 
appears to be the breaking and pulveriz- 
ing the ſoil, by which it is prepared to 
admit the riches of the atmoſphere. 
But ſuppoſing that all the principles of 
the dung did remain 1n the ſoil, it is by 


no means clear that they furniſh the ali- 
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ment or vegetable food to the crop. To 
do this, they ought to conſiſt of ſuch 
kind of matter as is ſyitable nouriſhment 
to the plants they are to feed. But dung 
of only one ſort is ſuppoſed to give nou- 
riſhment to all crops, to many thouſand 
ſpecies of plants; and all kinds of dung 
are ſuppoſed to feed all kinds of plants; 
though it is certain that the principles of 
all the various kinds of plants are differ- 
ent, as appears from their different vir- 
tues and effects. Hence it ſeems, that 
dung would be more likely to poiſon ma- 
ny plants than to nouriſh them. 

To ſolve this difficulty, it is ſaid, by 
thoſe who contend that dung and other 
animal and vegetable manures are the 
tood of plants; that plants have a power 
of altering their food into their own na- 
ture; that they can change alkaline ſalts 
into acid, and oils of difterent natures 
into thoſe of their own; and it ſeems by 
(11s way of reaſoning, that plants could 

| change 
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&c. 

This opinion is expreſſed by Dr. Hun- 
ter, in his Eſſay on Vegetation and Mo- 
tion of the Sap, as follows: We rea- 
ſon improperly when we ſay, that every 
plant takes from the earth ſuch particles 
as are natural to it. A lemon engrafted 
upon an  orange-ſtock, is capable of 
changing the ſap of the orange into its 
own nature, by a different arrangement 
of the nutritive juices. A maſs of in- 
nocent earth can give life and vigour to 
the bitter aloe, and to the ſweet cane; 
to the cool houſleek, and to the fiery 
muſtard; to the nouriſhing grains, and 
to the deadly night-ſhade. EIT 

The univerſal juice of a plant, is a 
limpid ſubacid liquor, which flows plen- 
tifully from a wound made in a tree, 
when the ſap is riſing. The birch and 
the vine yield it in great abundance. This 
liquor as it moves through the innumer- 

able 


change ſalts into oils, or oils into ſalts, 
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able ſmall veſſels, becomes more and 
more concocted, and is the general maſs 
from which all the juices are derived: it 
may be called the blood of a plant. By 
a certain modification it produces high 


flavoured oils, gums, honey, wax, tur- 
pentine, roſin, and even the conſtituent 


parts of the plant itſelf. How this 7ran/- 
mutation is performed, remains, and per- 
haps ever will remain, unknown.” 

This opinion ſeems to imply, that 
there is but one kind of matter in the 
univerſe; and the diſtinctions made of 
different kinds, as of air, water, earth, 
ſalts, oils, &c. are only different arrange- 
ments of it, the ſame matter differently 
concocted or modified; which is entirely 
contrary to the received doctrine of ori- 
ginal elementary principles, whereof all 
bodies are compounded: for if there are 
ſuch principles, eſſentially diſtinct, the 
nature of them cannot be changed by any 


arrangement, by their paſſing through 
the 
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the veſſels of plants, nor can there be a 
real tranſmutation of elements by any 
power leſs than His who formed them 
with theſe diſtin qualities. 

The doctor gives a diffggent account 
of this proceſs elſewhere; * The air, 
ſays he, contains, eſpecially during. the 
ſummer months, all the principles of ve- 
getation. Oil for the perfect food, wa- 
ter to dilute it, and falts to aſſimilate it. 
Theſe are greedily abſorbed by the veſſels 
of the leaves and bark, and conveyed to 
the innermoſt parts of the plant, for its 
growth and fructification. When the air 
happens to be cold and moiſt, this ab- 
ſorption takes place; when it is hot and 
dry, the ſame veſſels throw off the ſuper- 
fluous moiſture by perſpiration. 

At the extremeties of the roots of 
plants, we obſerve a ſpungy kind of ex- 
creſcence, pierced with innumerable ſmall 
holes; through theſe the nutritive juices 
of the earth are abſorbed, 
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% The bark and leaves of a plant im- 
bibe at proper ſeaſons the moiſture of the 
atmoſphere: at other times they perſpire 
the ſuperfluous nouriſhment.” 2 

Here we' ce an ample proviſion made, 
of oil, water, and falt, abſorbed, by the 
leaves and bark from the atmoſphere ; 
2nd of the nutritive juices of the earth, 
abſorbed by the roots; plants being thus 
provided with ſuch abundance and va- 
riety of the nutritious matter, from the 
earth and atmoſphere, why ſhould a 
tranſinutation be ſuppoſed, where it does 
not at all appear neceſſary to ſuppoſe it ? 

Dr. Grew, in his curious Anatomy of 
Plants, gives a clear account of this pro- 
ceſs of vegetation, and in treating of 
their trunks, p. 13a, expreſſes himſelf as 
follows; 

* If it be aſked, ſays he, how a plant 
comes to have any oil at all in any part: 
fince we lee that the ſap, by which the 
root is fed, ſeemeth to be nothing elſe 

but 
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but water; and that many plants which 
yield a great deal of ſtillatitious oil, as 
mint, rue, and others, will not grow in 
water: I fay if it be enquired how this 
water is made wine or oil? I anſwer 
there is no ſuch matter : but that the oil, 
and all other vegetable principles, are 
actually exiſting in, and mixed per mini- 
ma, though in an extraordinary ſmall pro- 
portion, with the water. Even as we ſee 
the diſtilled waters of anniſe-ſceds, pen- 
ny- royal, and the like, to be impregnated 
with their own oils, which give the taſte 
and ſmell to ſuch waters. 
I ſay therefore, that all kinds of ve- 
getable principles, are either in, or to- 
gether with, the water, with leſs differ- 
_ ence firſt received into a plant. But when 
they are once therein, they are there ſe- 
parated, that is to ſay filtered, ſome 
from others, in very different propor- 
tions, and con junctions, by the ſeveral 
parts; the watery by one part, the aery 
8 x by 
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by another, and ſo the reſt ; and ſo every 
part is the receptacle of a liquor, become 
peculiar, not by any transformation, but 
only the percolation of parts, out of the 
common mals or ſtock of ſap. And fo 
all theſe parts of the ſap, which are ſu- 
perfluous toany kind of plant, are at the 
ſame time KT i back by 8 


tions into the aer.“ 
Hence it a ppears that the uſe of the in- 


numerable fine veſſels of plants, is not to 
change the nature of the matter that en- 
ters them by the roots or other parts, but 
to aſſort the particles of them for the uſe 
of the plant, its growth and nouriſh- 
ment. 

Here we might conclude this point, 
but that doctor Home has referred to an 
experiment, in ſupport of the opinion of 
tranſmutation, which it is proper to take 
notice of, experiments being the ſureſt 
means of attaining a real knowledge of 


the operations of bodies. 
How 
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« How.ſtrong, ſays the doctor, p.179, 
the power inherent in the veſſels of 
plants, to change and alter theſe ſub- 
ſtances which are taken in, appears from 
an experiment of Homberg. He filled two 
pots of earth mixed with ſome ſalt-petre-: 
into one he put creſſes, which is an al- 
caleſcent plant, and affords a volatile al- 
kaline ſalt, but no acid; into the other, 
fennel, which is an aſceſcent plant, and 
affords an acid on diſtillation, and no al- 
kaline volatile ſalt. He filled two other 
pots with earth, which had all its ſalts 
waſhed out, if there were any in it. In- 
to one he planted fennel, and into the 
other creſſes, as in the former. The two 
plants in the nitred parts. grew much bet- 
ter, and weighed much more than in the 
pots without nitre. The creſſes in the 
nitred pot, when diſtiNed, gave no acid 
ſalt, though fed on a falt which contained 
an acid. The fennel fed in the waſhed 
earth, gave an acid, though.ibere was 

none 
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none in the earth. This experiment ſhews, 
that the veſſels of plants have a power of 
changing the ſalts taken in from the earth, 
into their own particular natural one; 
probably by combining them, with dif- 
ferent proportions of water, oil, earth, 
air, and the particles of light which iſſue 

from the ſun.” | 
In this experiment; 'the two plants 
that grew in the waſhed earth, produced 
their natural ſalts, one acid and the other 
alkaline; theſe they received from the 
atmoſphere, for in the earth there were 
no ſalts. One of the plants in the nitred 
earth produced no acid ſalt; though, ſays 
the doctor, it was fed on a ſalt which con- 
tained an acid. But how is the doctor 
cer:ain that it fed on the ſalt? Did not 
the fennel in the waſhed earth give an 
acid; though it did not feed on any alt ? 
Whence had it that acid, but from the 
atmoſphere? And might not the plants 
in the nitred pots have their ſalts from 
thence 
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thence alſo? The plants in the nitred 
earth growing much better and weigh- - 
ing more than thoſe in the waſhed earth, 
is no proof. that they fed upon the nitre, 
and in conſequence therepf grew ſo much 
the more vigorouſly : for why ſhould 
this ſalt have ſuch an effect, more than 
the other parts of their food, their oils, 
or earth ? This will rather be an argu», 
ment that they did not feed upon the ni- 
tre, but that the nitre acted as a manure; 
and by dividing the earth, and multiply» 
ing its pores, as other ſalts and manures 
do, a larger ſhare of the contents of 
the atmoſphere was then depoſited, 
which made theſe plants grow more vi- 
gorouſly. And admitting that ſome of 
the nitre did enter their roots, and none 
of it was to be found in the creſſes; it 1s 
to be obſerved that plants perſpire plen- 
tifully, and that they may, as animals, 
by that means, diſcharge ſuch particles 


as are noxious, or unſuitable to them. 
H In 


1 


In the reſearches made to diſcover the 
nature of the vegetable food, it is uſual 

to analyſe plants, and earth, ſuppoſing 

that this food is to be found in one or 

both theſe. But if plants have a power 

to alter or change the nature of the ſub- 

ſtances abſorbed by them, how is this 

food to be diſcovered. The doctor made 

feveral experiments upon earth, and ſays, 
p. I 5, 16, that in ſome rich mould he 
found an alkaline ſalt. If creſſes was 
raiſed in this earth, it would, upon dif- 
tillation, produce an alkaline ſalt; and 
fennel raiſed in the ſame earth, would 
produce an acid ſalt. To what purpoſe 
then is the examination of the conſtitu- 
ent parts of earth? The plants raiſed in 
it will contain their own proper ſalts, 
however different from thoſe in the earth. 
The ſame may be. ſaid of chemically ex- 
amining the plants; in ſome are found 
* ſalts of one, and in others of different 
+ 1M kinds, but this determines nothing of 
1 | 6 the 
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the vegetable food; of what kind it was, 


before it was abſotbed by the plants; 


for the fame difficulties occur with re- 
gard to their ole” a earths, as heir 
| n 

But it is not een to biülteuts 
theſe arguments farther, as we have no 
certain proofs that plants can change the 
nature of thoſe ſubſtances abſorbed by 
them, at their roots, bark, or leaves; 
any otherwiſe than by — afſort- 
ing, of combining them. * 

In regard to the operation of manures 
vegetable and animal, and particularly of 
dung, though the fort moſt commonly 
uſed of any, few experiments have been 
made on purpoſe to diſcover whether it 
furniſhes the vegetable food, or acts only 
as a pulverizer of the earth. One has 
been made, by the author of the Com- 
plete Engliſh Farmer, to determine this 
important point, which he relates as fol- 
lows ; 
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of theſe pots I planted five grains from 
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Fulyerizing the earth, , ſays. he, p. 
127. iſ not the only uſe of dung, though 
the following experiments, I muſt own, 
ſeem to prove it. I cauſed a quantity of 
virgin earth to be rubbed fine enough. to 
paſs through a ſieve, and then divided it 
into three equal parcels. I mixed with 
two of theſe parcels a quantity of dung, 
equal in weight to one fifth part of their 
whole ſubſtance; one part with ſtable 
dung, from a freſh dunghill, the other 
taken from the bottom of an-hot-bed ; 
the third parcel was leit without manure, 
and the ſame weight of earth added to it, 
as of dung to the other two parcels. The 


weight of the virgin earth in the two 


pots mixed with dung, was 151b. in each; 
and the proportion of dung was zlb. in 
each; the weight of the virgin earth in 
the mixed pot was 181b. Thoſe three par- 
cels thus compoled, were filled into pots 
of twelve inches diameter, and into each 


the 
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the middle of the fame ear of wheat, in 
this quincunx manner ©: ., each grain 
being juſt two inches apart from evefy 
other grain, and T planted them with a 
gage, each one inch and a half below 
the ſurface of the earth. I was very exact 
in the ſize of my pots, leſt an inetraſe of 
ſurface, might cauſe an inereaſe of veget- 
able food. Having done this, I placed 
the three pots upon a level ſpot in my 
garden, each one foot from the other, 
on the 7th day of October 1759. 

«« I marked their progreſs through the 
winter, and found the ſeeds planted in 
the virgin earth, more vigorous, and 
more prolific, than thoſe in either of the 
other two: the plants in the earth'mixed 
with the rotten dung, were next in vi- 
gour and increaſe: but thoſe planted in 
the freſh dung, though they appeated the 
greeneſt, and roſe the higheſt at firſt, 
arooped before the winter was over, ſick- 
encd in the ſpring, and before harveſt 
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dwindled to little or nothing, I wag. 
prevented from noting the produce of the 
grain, by the ravage of birds, that almoſt 
wholly ſtripped. the ears; but the in- 
creaſe was as follows: from the five ſeeds 

in the virgin earth, fifty-fix ſtout ſtalks 
— from thoſe in the earth mixed 
with rotten dung, thirty-five, and from | 
thoſe in the freſh ſtable dung, only 
twenty, ſome very puny. 

« T am ſenſible, however, of the in- 
ſufficiency of this experiment on two ac- 
counts; the firſt from the want of room 
in the pots for the roots to ſpread, and 
collect food for the nouriſhment of the 
plants; and the other, from not attend» 
ing properly to ſupply them with water. 

« To obviate theſe two defects, I have 
this year varied my experiments, by en- 
cloſing the pots in the ground, preſſing 
the earth round them, and then taking 
them out, leaving their exact impreſſion 
bevind, in which I have filled the ſame 

quan- 
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quantity of well pulverized earth, mixed 
exactly in the ſame manner, as was laſt 
year confined in the pots themſelvesq by 
which means the tender fibres of the 
roots, when they have occupied the nar- 
row ſpace contained in the hollow, may 
now extend themſelves on all ſides,” and 
collect nouriſhment. For it may poſſibly 
be, that dung by its warmth, and by its 
fermentative powers, may ſtimulate the 
roots, and cauſe them to extend their 
fibres to à greater diſtance than earth, 
though equally fertile, yet more at reſt, 
may be capable of; and this may be 
one eſſential property of dung, and more 
particularly of freſh dung, withour which 
it may loſe part of its effect. 

« A third defect in this experiment, 
for the purpoſes intended, might ariſe 
from the choice of virgin earth; which 
has been obſerved to contain within jit- 
felf, all the requiſites for the production 
of a ſingle crop. To the increaſe of this 
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earth, by ſubſtituting an additional quan- 
tity of i it in the room of dung, the ex- 
traordinary incxeale. of ſtalks, may pro- 
bably, have been owing z, but to remove 
this objection likewiſc, I have this year 


| Hlled the pots with earth, from part of 


a feld fallowed for wheat, which has 
been cropt for two years before, without 
any dreſſing: fo that the reſult of this 
experiment will, to me, be a ſatisfactory 
deciſion of two very intereſting queſtions 
to huſbandry : one, whether dung is of 
uſe only as a divider of the ſoil; the 
other, whether freſh or rotten dung are 
the moſt powerful in promoting vegeta- 
tion. The public ſhall in due time be 
made acquainted with theſe diſcoveries, 
if life be ſpared to the writer till the pro- 
per ſeaſon.“ | 
It is obſeryable in this experiment, that 
the proportion of dung mixed with the 
earth in the two dunged pots, was a third 
part of the weight of the earth, which 


ap- 
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appears to be much too large a proportion 
of dung: for if the ſtaple of a field pre- 
pared for wheat, is eight inches deep, 
evety foot ſquare of good land of that 
depth, will weigh about half a hundted 
weight, and the ſtaple of an acre of ſuch 
land will weigh about one thouſand 
eighty-nine tons; now admitting that 
thirty tons of dung was laid upon. this 
acre, as a common dreſſing, which is a 
full allowance; yet this would be but a 
thirty-ſixth part of the weight of the 
earth dreſſed with it, whereas in the ex- 
periment, the weight of the dung was a 
third part of the earth. And if the ſtaple 
was ſuppoſed to be of a greater or leſſer 
depth than eight inches, the proportion 
of dung in this experiment, would till 
greatly exceed the quantity commonly 
uſcd for dreſſing land for wheat. 

Such an exceſſive quantity of dung, 
mult cauſe an vncommon degree of fer- 
mentation in the ſoil; more likely to be a 


pre- 
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judice than an improvement to it; and 
to this was probably owing in ſome mea 
| ſure, the deficiency of the crops in the 
dunged pots. Hence likewiſe the crops 
of the pot mixed with ſtable dung, Was 
ſo much inferior to that mixed with rot- 
1 ten dung, becauſe the freſh ſtable dung 
made a ſtill more exceflive fermenta- 


On the other hand it may be obſerved, 
that ſifting the earth put into the pots, 


1 was a diſadvantage to all the crops, but 
Th maſt to that in the virgin earth: for it is 
. allowed by the moſt ſkilful gardeners, 
6 . | that fifting the earth cauſes it to lie too 
f * cloſe, conſolidates it, and obſtructs ve- 


getation. It ſhould be well broke, and 


4528 the larger ſtones picked out, but not 
1 ſifted. The plants in the dunged pots 
5 had the advantage in this reſpect, the 
3 earth about them was kept open by the 
* fermentation of the dung, and their roots 


could more freely extend, than thoſe in 
the 
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the. virgin canther bien oy not. e af. 
ſiſtance. | 26W 21113 
Though virgin earth contains in it a 
conſiderable proportion of the vegetable 
food; this does not ſeem a ſuſſicient ob- 
jection to the uſe of it in ſuch an experi- 
ment. The ſame earth was uſed for all 
the pots, and it ought to be the ſame for 
all, and no other difference but the dung. 
If ſuch poor earth was uſed as contained 
very little of that food in it, it might be 
too poor to ſupport a crop of wheat till 
harveſt. 

With regard to the additional quantity 
of earth put into the pot that had no 
dung, there will be no neceſſity of ſo 
much, it only the common quantity of 
dung is put into the other two pots, 
which need not be more than a thirtieth 
or fortieth part of the weight of the 
earth, which will not make any mate- 
rial difference in the crop. whether it be 
added to the dunged pot only, or if the 

ſame 
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ſame quantity of earth is put into each of 
the three pots. 10 
And in order to obviate Oe bjeQion, 
I would'propoſe a vatiation in the expe- 
riment. Let a trench be dug in hard ſtale 
ground, four feet wide, and nine feet 
long, as deep as the ſtaple of the land; 
break the earth fine, and pick out the 
larger ſtones and roots of weeds; dig and 
turn this earth frequently for a year, and 


ſuffer no weeds to grow upon it. When 
thus prepared, divide it into three equal 
parts, lay two rows, or partitions, of 
bricks, laid flat, and acroſs the trench, 
as high as the top of it, to prevent the 
roots getting through them; and at the 
proper ſeaſon mix the common propor- 
tion of freſh dung among the earth in 


one diviſion, and of rotten dung in an- 


other; the third divifion to have no 
dung. Plant all the three diviſions with 
wheat as mentioned in the above experi- 
ment, and keep them all clean hand- 

weeded 


| 
| 
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weeded till, harveſt. Plant but one row 
of wheat, the grains ſix inches aſunder, 
along the middle of the piece, and the 
ſame number of grains in each dixiſion. 
But if the experimenter does not chuſe 
to wait ſo long as a year, he may take the 
earth quite out of the trench, and fill; it 
with virgin, or other proper earth, mixed 
as before mentioned, with due propor- 
tions of rotten and freſh dung, in two of 

the diviſions. | | 
In this way of planting, no watering 
will be neceſſary, which when, it can be 
done, ſhould be avoided in ſuch experi- 
ments. Rye is not ſo liable to be de- 
ſtroyed by birds as wheat, and, is proper 
for ſuch an experiment; but if wheat is 
planted, it muſt be defended from birds 
by nets; ſufficiently fine, to keep them 
out, Otherwiſe, as appears from the 
experiment, and I have always found, 
there is no guarding againſt the birds 
without covering the corn with gets, ſo 
ſe- 
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ſecurely that they cannot get through, of 
under them : and it is material to know; 
not only the number of ſtems produced; 
but alſo the fullneſs of the ears and 
grain. oft | b2Y 3 
The: experiment thus conducted, will 
determine which is the moſt proper to 
uſe, freſh'or rotten dung; but I doubt 
will not determine the other point, viz. 
whether the effect of dung is only to di- 


vide or pulverize the ſoil, or whether it 


alſo furniſhes the vegetable food to the 
crop. For ſuppoſe in the above, or other 
ſuch experiment, the dunged earth pro- 
duced the largeſt crop; as no doubt it 
will, if the experiment is in every reſ- 
pect rightly conducted; the cauſe of 
this ſuperiority will be juſtly attributed 
to the dung, but the manner of its opera- 
tion will ſtill remain undetermined. Fhis 
ſhould not, however, deter thoſe who 
have opportunity, from attempting to 
diſcover this by experiments, as the 

knows 
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knowledge of it is of real i 4 DIR and 
den befhages.: >= 4; boo! doch tabu 

Of the various b nge made uſe of 
by farmers to fertilize their land, there 
are four that may be reckoned the ptin- 
eipal ſingle manures, as they are in more 
general uſe than others, laid on in larger 
quantities, and they have more- laſting 
effects; theſe are WITS limes 
ſtone-gravel,, and lime. 

Marle is a foſſil body found in the 
earth, a manure of great value, and ma- 
ny eſtates have been very much-improved 
by it. There are ſeveral forts of it, 
chiefly the four following, viz. 

1. Clay-marle; ſo called becauſe it 
reſembles clay, though a very different 
body. It feels ſoft and oily, and is found 
ſometimes lying near the ſurface of the 
ground, and ſome deeper, eſpecially un- 
der beds of ſtrong clay, where it is often 
found. It is of various colours; red, blue, 
black, white, and yellow; but the co- 

lour 
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Jour is immaterial, being no certain ins 
dication of its quality; though many 
farmers have long thought otherwiſe, 
founding their opinion upon the colout 
of marle that they had experience of its 
goodneſs ; and for this reaſon, ſome have 
recommended the yellow marle as the 
beſt, others the blue, red, &c. But we 
have now much more certain methods of 
inveſtigating them, for which the pub- 
lic is obliged to the ingenious Dr. Ainſ- 
lie, who has lately made very curious ex- 
periments upon the ſeveral ſorts of matle. 

2. Stone marle; which approaches to 
the hardneſs of ſtone, and is therefore 
eaſily diſtinguiſhed from the clay-marle, 
and is of flower operation. 

3. Slate-marle; this lies in thin layers 
reſembling ſlate, and is alſo harder than 
the clay-marle, | 

4. Shell-marle; which is a compoli- 
tion of earth and ſmall ſhells; it is of a 
lighter ſubſtance than the others, lies 

near 
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near. the ſurface of the earth, in low 
grounds that have formerly been over- 
flowed with water; and ſometimes near 
the ſea. This is a very rich manure, and 
of quicker effect than either of the 
former. | 

The marles ate all compounded of the 
ſame kind of materials, in different pro- 
portions, viz. a calcareous earth, clay, 
and ſand; and in ſome marles are found 
ſome ſhining flakes of foliacious tale, un- 
ſoluble in- acids, and very little altered 
by fire. 

There are ſeveral kinds of earth that 
reſemble marle, but the following eaſy 
experiments will diſtinguiſh the true 
marle from other earths. Firſt put a lit- 
tle freſh dug clay marle into a glaſs, and 
pour upon it as much water as will cover 
it, the marle will ſoon diffolve in the 
water into a ſoft ſoapy ſubſtance; or if 
expoſed ſome time to the air, it will fall 


down into a fine powder, Secondly, marle 
[ effer- 
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efferveſces with all acids; a little of it 


put into a glaſs with vinegar, a briſk mo- 


tion will immediately be excited, it will 
efferveſce, riſe like wine or cyder, and 
air bubbles will continue to riſe, till the 
acidity of the vinegar is deſtroyed. Some 
other kinds of earth will fall down in 
water or air; but whatever body has 
this property, and alſo efferveſces with 
acids, the farmer may conclude to be 
marle. 

It will be of uſe to farmers not only to 
diſtinguiſh marle from other bodies, but 
likewiſe to diſcover, before: they make 
uſe of it, what proportion any marle con- 
tains of calcareous earth, clay, and ſand. 
This he may readily do in the following 
manner. | 

Having dried and powdered the marle 
to be examined, pour upon any weight 
of it a ſmall quantity of water. To this 
mixture, well ſhaken, add a little of the 
acid of ſza-ſalt, and when the conſequent 


6 effer- 
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efferveſcence is over, add a little more 
of the acid. Repeat this addition at pro- 
per intervals, till no more efferveſeence 
enſues, Then throw the whole, with 
an equal or greater proportion of water, 
into a filter of brown paper, whereof the 
weight is known. When all the fluid 
parts have paſſed through, fill up the 
filter, again and again, with warm wa— 
ter. By this means, the diſſolved parti- 
cles of calcarious earth, adhering to the 
reſidue, or entangled in the pores of the 
paper, will be waſhed away, and nothing 
but what is really unſoluble, will remain 
in the filter. This re/duum, with the 
filter, is then to be completely dried, and 
weighed: the difference betwixt its 
weight, and the original weight of the 
filter, gives you the weight of the unſo- 
luble parts (the clay and ſand) contained 
in the marle under examination. This 
being known, the proportion of calca- 


rious earth therein, 1s evident. 
I 2 Here 
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Here it is to be noted, that a veget- 
able acid, as vinegar, is not proper for 
this experiment, becauſe all the calca- 
rious earth in marle cannot uſually be ex- 


tracted by it: for after the uſual filtra- 


tion, the reſiduum effervelces with acids. 
Neither is the vitriolic acid proper for 
this uſe : for though it efferveſces with 
all marles, it does not diſſolve their cal- 
carious earths, but only forms with them 
a whitiſh coagulum, which will not paſs 
through the filter. But all the other mi- 
neral acids, may be employed to equal 
advantage; as the acid of ſea-ſalt, nitre, 
&c. | 

The proportions of clay and ſand, con- 
tained in the re/duum or unſoluble parts 
of this proceſs, are diſcovered by elutria- 
tion, which is thus performed. Having 
weighed the dry reſiduum, mix and 
ſhake it well, with a ſufficient quantity 
of water: and after allowing a little 


time, for the groſſer parts to ſubſide; 
8 let 
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let the water, with the fineſt part of the 
clay ſuſpended in it, be gently poured 
off, then add more water to the remain- 
der, and after ſufficient mixture and ſub- 
ſidence, pour off that likewiſe. In the 
ſame manner repeat this operation, again 
and again, till the water comes off per- 
fectly pure; the ſubſtance that then re- 
mains is ſand, mixed, perhaps, with ſome 
fakes of talc; and whatever this ſub- 
ſtance wants of the weight of the reſi- 
duum employed, is the weight of pure 
clay, carried away by the water in this 
proceſs of elutriation. 

This experiment, for diſcovering in 
marle what proportion it contains of 
calcarious earth, clay, and ſand, is not 
propoſed as a matter of mere curioſity; 
but the farmer who will take the ſmall 
trouble of examining marle in this man» 
ner, may thereby know for which of 
his lands the different forts of marle is 
molt proper: for though marles will fer- 
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tilize all forts of land, yet not equally. 
Thoſe marles wherein he finds the largeſt 
proportion of clay, are moſt proper to lay 
upon his ſandy light land, and thoſe that 
contain the moit ſand, for his ſtrong land; 
the calcarious earth fertilizes both ſorts 
of land, the light and ſtrong. 

It is not only uſeful to examine marles, 
but likewiſe other ſorts of earth, that have 
a promiſing appearance of being good ma- 
nures, ſome of which are highly perni- 
cious to land, Among theſe there is one 
fort, often found in the ſame bed with 
the beſt marle, of a darkiſh lead colour, 
Inſtead of fertilizing ground, it renders 
the beſt {oil incapable of bearing any kind 
of vegetables for many years; Dr. Home, 
ſays he has ſcen the ſpots on which it was 
laid entirely barren three years aiterwards, 
and had heard of its effect continuing, in 
other places, for a much longer time. 

If a piece of it is examined that has 


not been much expoſed to the air, it dif- 
fers 
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ſers very much in taſte from marle. In- 
ſtead of the ſmooth unRuous taſte of 
marle, this body taſtes aeid, and re- 
markably aſtringent. It falls down to a 
powder in water, like marle; but raiſes 
no efferveſcence with acids, nor in the 
leaſt deſtroys their acidity, which plainly 
diſtinguiſhes it from marle. It turns ſy- 
rup of violets red, which ſhews it con- 
tains an acid; whereas marle, like all 
abſorbent earths, gives it a green colour, 
The Dr. found by ſeveral experiments, 
that this body conſiſted of an earthy bo- 
dy like clay, a ſmall proportion of a vo- 
latile vitriolic acid, and about an eighti- 
eth part of ſalt of ſteel. To this alt he 
attributes the poiſonous quality of this 
body. If any of it ſhould by miſtake be 
uſed as manure, he thinks it may be cor- 
rected with marle ; but this is uncertain; 
and the beſt way is for the farmer to ex- 
amine ſuch earths as he ſuppoſes to be 
marle, and intends to make uſe of for 


I 4 ma- 


* — I Þ ey 
— — 1 k > - 
= * 
- — — 
E A a — 
2 — 
. — — 
— - 
- 
* 


TW — — Ka 
— N 3 


_— 


—— 
* 


2 


I» <p. — 
— — 5 
—_ 


W * > I. 
2 0 * — 7 3 
— —— —— —— - — — u —ö——w¾ — 
— 


- — 
= «> > 
* * 
2 * 1 —— — 
- _ 4 * 
_— — 


a 
__ 
To - — Wo genes” == "a om 


* 
A 
aft — * — — _ 
r ou aaa Awe wt ar. © 


3 * 3 


120 Or M ANU RES. 


manure, before he lays them on the land. 
If they do not fall down in water, and 
efferveſce with acids, he ſhould reject 
them. 

It may however be of uſe, to try to 
correct the pernicious effects of ſuch 
earths with marles, as the doctor pro- 
poſes; or with chalk: for it is not un- 
common to find land tinctured with 
ſteel, iron, or other metallic mixtures; 


and if the ill effects of theſe could be 


cured or mitigated by marle, it would be 
a valuable diſcovery. Perhaps, as he 
ſuppoſes, a conſiderable ſhare of the good 
effects of marle in all grounds, may be 
owing to this ſpecial effect, viz, the de- 
ſtruction of bodies, which, in proportion 
to their quantity, deſtroy all vegetation. 

We have a ſtriking initance of the poi- 
ſonous quality of this lead-coloured earth, 
that ſo much reſembles marie, in the 
Complete Engliſh Farmer, who ſays he 
was once enſnared by it. 


cc In 
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In digging a well, ſays he, on the 
ſide of a clay hill, the workmen met 
with a ſtratum of this lead- coloured 
earth, ten feet deep, and threw up a 
great quantity of it. As it was near a 
public road, many farmers caſt a long- 
ing eye towards it: they felt it, and as 
it was unctuous and flippery, they con- 
cluded it was marle, and I was offered a 
crown a load for it. I did not then know 
the diſtinguiſhing characteriſtics, and I 
concluded, that if it was worth a crown 
a load to them, to carry away, it muſt 
certainly be worth more to me, to uſe 
upon the ſpot. Accordingly I cauſed it 
to be (ſpread plentifully upon an upland 
meadow, which had received no amend- 
ment for many years. It was about Mi- 
chaclmas when it was laid on, and it 
had all the advantages of air, rains, and 
froſt, to mellow it; and indeed it was ſo 
mellowed, that inſtead of falling into a 
powder, it ran into a ſoft, oily conſiſt- 
| ence 
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ance, not unlike new churned butter. In 
the ſpring, when I expected the good ef- 
fects of it, to my great ſurprize, the graſs 
wore a dead appearance; here and there 
a green blade among the faded ſward ; 
but this like the reſt ſoon drooped, and 
in ſhort the moſt amazing ſterility enſued. 
None but my own ſervants were made 
privy to the diſappointment: for I did 
not chuſe to be laughed at by my neigh- 
bours. I was not without hopes, how- 


ever, of its recovery, but though it is 


now more than ten years ſince this acci- 
dent happened, the land on which this 
poiſonous ſubſtance was laid, has not yet 
recovered its wonted fertility. 

«© Doctor Home, attributes its poiſon= 
ous effects to the mixture of ſalt of ſteel 
in its compoſition, and I believe very 
juſtly: for above this ſtratum of lead- 
coloured earth, large quantities of iron 
ore were diſcovered, which, on digging 
clay in other parts of the hill, were found 

here 
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here and there diſperſed in round lumps, 
about two or three cart loads in a lump, 
as if a round hole had been dug, and the 
iron ſtone ſhot into it. Other metallic 
and foſſil ſubſtances, were found alſo in 
digging this well; and indeed, when at 
the depth of ſeventy feet, the water was 
reached, it was ſo ſtrongly impregnated 
with ſulphur, that it could not be com- 
monly uſed. I was not, however, aware 
of the pernicious effects of the blue clay, 
till J had read Dr. Home's book, where 
the deſcription of it ſo exactly corre- 
ſponds, in colour and effects, that I 
think the doctor's accuracy in deſcribing 
it, and his candour in cautioning the 
huſbandman againſt its poiſon, cannot be 
too much applauded.” 

From this example may be ſeen the ne- 
ceſſity of examining untried earths, be- 
fore they are uſed as manure; and the 
advantage of having eaſy methods of de- 

termining the genuineneſs of marle ; one 
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of the moſt capital ſingle manures the 
farmer has to depend upon, 

It ſeems to have formerly been a com- 
mon opinion, that all rich manures were 
fo, becauſe they contained much veget- 
able food. Hence marle was thought to 
contain a large proportion of ſalts, &c. 
but when it was found that it contained 
no ſalts, it was then ſuppoſed that it 
attracted them from the air. This like- 
wiſe is now found to be an error; for, 
from many accurate experiments, parti- 
cularly thoſe made by Dr. Ainſlie, upon 
all the marles, that had been long ex- 
poſed to the air, he found they contained 
no ſalts in them of any kind, nor at- 
tracted any, except in one inſtance: this 
he relates as follows 

“Upon the ſurface of ſome marly rocks, 
which looked towards the north, and had 
been expoſed time immemorial to the 
open air, I found a thin white efflore- 


ſcence. In many places where water 


trick- 
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trickled down from the rocks above, 
moſs, to the thickneſs of ſome inches, 
had been in time accumulated, and was 
now cruſted over with a hard white ſub- 
ſtance. Below this cruſt the different 
plants of mols were found, diſpoſed in a 
very regular manner, and ſoldered toge- 
ther by a ſubſtance ſimilar to the cruſt. 
Here expected to have found the ſalt of 
marle, but could not by any treatment 
diſcover the ſmalleſt indication of it. The 
mineral acids, after a very britk efferve- 
ſcence, diſſolved entirely both the efflo- 
reſcence from the ſurface of the rock, and 
the matter which adhered to the rock. 
From this circumſtance it appears, that 
thoſe ſubſtances conliſted folely of the 
calcarious earth of the marle, freed from 
the other earths by the moiſture, &c. 
whole action it had for many years under- 

gone. 
pon a ſtratum of marle, which, 
with others, had been expoſed lor ages 
to 
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to the open air, I found a whitiſh ſaline 
effloreſcence, in conſiderable quantity. 
This effloreſcence was moiſt, and diſ- 
ſolved readily in water; and alkaline 
falts added to a ſolution of it, immedi— 
ately precipitated a calcarious earth; af- 
ter ſeparating the earth by filtration, the 
remaining liquor aftorded, by a proper 
evaporation, many diſtinſt cryſtals, of 
a cubical figure; they taſted like ſea-ſalt, 
crackled in the fire, and by the addition 
of the vitriolic acid, emitted copious ſuf- 
focating fumes. Hence it appears that 
the ſalt found upon this marle, conſiſted 
of the muriatic acid, united to a calcari- 
ous earth. 

It is ſingular that no veſtiges of this 
ſalt appeared upon any of the beds of 
marle but one, and this one had nothing 
peculiar, either in its compoſition or ſi- 
tuation. It differed from the reſt in this 
only, it was poſſeſſed of a greater degree 


of moiſture. 
« Thoſe 
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« Thoſe marles were expoſed alone to 
the air ; whether when incorporated with 
the ſoil, ſuch fubſtances may be more 
readily converted, in their calcarious 
part, into ſalt proper for the nutrition of 
vegetables, experiment alone can deter- 
mine. Some circumſtances in the ma- 
nufacture of nitre, ſeem to perfuade us 
that they may. On the contrary, obſery- 
ations are not wanting, which appear to 
take greatly from the probability of ſuch 
an opinion: for marles are found to pro- 
duce the moſt remarkable effects on light 
exhauſted ſoils, where they can find little or 
nothing proper for furthering the nitrous 
proceſs, or the production of any ſalt we 
are yet acquainted with. However that 
may be, I think we are authoriſed by the 
foregoing experiments (made upon theſe 
and other parcels of marle) that marle ac- 
-Guires nothing of a ſaline nature, by be- 
ing expoſed alone to the open air. 

If no falt is formed upon marte, 
from its expoſition to the air, how does 

marle 
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marle operate? An anſwer to this queſ- 
tion, would neceſſarily lead us to conlider 
the operation of manures in general; a 
ſubject too extenſive and intricate to be 
diſcuſſed within the narrow limits of this 
r 

That in one only bed of marle ſalt 
ſhould be found, though all had the ſame 
Gtyation and expoſure, ſeems to have 
been from ſome unobſerved circumſtance 
in that bed; and the obvious concluſion 
from the whole is, that marle in general 
does not attract ſalts from the air. The 
queſtion then, how does marle operate, 
is, as this gentleman obſerves, difficult 
to be reſolved. There is however one 
circumſtance that may in ſome meaſure 
lead to a ſolution. 


It has been obſerved that the particles 


of marle loſe their tenacity, and fall into 
powder, in water, and it docs not appear 
that they can be again united, but rather 
that they have then a repulſive property. 


This property in marle is very different 
from 
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from clay; which though it will alſo dif- 
ſolve in water, recovers its adheſive qua- 
lity when dried; becomes then as hard 
as before; and will - burn into brick, 
which marle will not; and as marle con- 
fiſts of very fine parts, and theſe are fo 
readily ſeparated, they will ferment and 
incorporate with the ſoil, will open, and 
very minutely divide it, and by that 
means enrich it, as was before explained 
of other fermenting ſubſtances, 

Some farmers were formerly of opinion; 
that ſtrong land was not much improved 
by marling ; probably becauſe they did 
not beſtow upon it the due quantity of 
marle ; and likewiſe becauſe; as we have 
ſhewn, that ſome marles having in them 
a large proportion of clay, are not ſo be- 
neficial to ſtrong clayey lands, as thoſe 
that abound more with ſand in their com- 
poſition. This is not diſcoverable by the 
colour and appearance of marle; and 
farmers did not otherwiſe know how to 
diſtinguiſh them. 
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Strong lands, and even clays, are ſo 
much opened by marle, that they are 
made much mellower by it, and drier. 
And as it opens the foil, the ſuperfluous 
water, which before kept the land cold, 
finds an eaſier paſſage through it, and 
and then it becomes warmer, and pro- 
duces the crops earlier than before. Such 
are the effects of other manures that 
open and divide the ſoil, and plainly in- 
dicates that this is a principal effect of 
marle. 

In confirmation of this, it is found 
by experience, that cold, ſour, graſs- 
grounds, which produce rank weeds, 
when plentifully marled, the rank weeds 
are killed, and in their room the white 
clover ſprings up in ſuch abundance, as 
if the land had been ſown with the clo- 
ver ſeed. Some others that are called. 
warm manures, as ſoap-aſhes, &c. have 
a ſimilar effect, Theſe warm the land 
by their ſalts, and marle by drying it, 


which alſo makes it warmer; the effect 
| of 
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of both is to deſtroy the weeds that thrive 
beſt in moiſt cold ſoils; and encourage 
the growth of clover, that delights in 
drier land. 

In light land the effect of marle ap- 
pears to be different. The fault of ſuch 
land being a deficiency of moiſture, let- 
ting the rain paſs too quickly through it, 
becauſe it conſiſts of too groſs parts, and 
the cavities of it are therefore too large. 
The great benefit of marle to ſuch land, 
ſeems to conſiſt in its ſineneſs and very 
minute parts, which partly fill the cavi- 
ties of the light land, makes it retain 
more moiſture, and therefore cools it. 
What confirms this operation of marle is, 
that, in general, clays, and all ſtrong 
earths, have in them the largeſt propor- 
tion of fine particles; and all ſuch earths 
are allowed to be great improvers of too 
light, dry, warm lands. I might add as 
a further confirmation of this effect of 
marle, that theſe light lands are much 
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improved by frequent and thorough til- 
lage, which breaks them into ſmaller 
parts, and makes them lie cloſer; by 
which means their cavities are made 
ſmaller, they better retain the deus and 
rain, and are evidently rendered thereby 
cooler, and more fertile: and as marl- 
ing theſe lands has the ſame effects, the 
cauſe is moſt probably the ſame. 

Stone and flate-marles being harder 
than clay-marle, are longer in difſolv- 
ing, and their effect flower than clay- 
marle, for which reaſon a larger quan- 
tity of them ſhould be laid on the land, 
about thirty-five cart- loads, or more, to 
the acre, and of clay-marle, about twen- 
ty-five or thirty loads, Shell-marle be- 
ing a ſtrong manure, but of an open, 
looſe contexture, and of quick operation, 
ten or twelve loads may be ſufficient. If 
too much of it is laid on at once, it will 
raiſe a ſtrong fermentation in the land, and 
cauſe it to iwell ſo much, that the plants 
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will be in danger of being turned out of 
the ground, or lodged; and as the na- 
ture of the land and other circumſtances 
are various, it is ſafeſt to lay on this, and 
all the marles, moderately at firſt : and af- 
terwards, if found neceſſary, the quan- 
tity may be encreaſed. 

Marle is apt to ſubſide or fink down in 
the land, below the operation of the 
plough ; and for this reaſon ſome have 
adviſed to lay it on the ſurface, or plough 
it in very ſhallow. But it is better to 
plough it in to a moderate depth, well 
mix and incorporate it with the land; 
and in a few years it may be brought up 
again near the ſurface, by ploughing the 
land a little deeper than ordinary. The 
beſt time to lay it on 1s between Michael- 
mas and Chriftmas, that it may be mel- 
lowed by the rains and froſt, and when 


thoroughly broken, ſpread it very even 
upon the land before it is ploughed in. 
A good dreſſing with marle, will very 
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mach improve the land for fourteen or 
fifteen years, 

Sometimes marle lies ſo near the ſur- 
face of the land, that the farmer may 
find it in the ſides of his ponds and ditch- 
es, but more frequently by boring the 
land with a common two or three inch 
auger, that has a jointed ſtem, eight or 
ten feet long, Such an inſtrument is 
very proper to diſcover marle, clay, peat, 
or other ſoft earths, that do not lie at a 
great depth. It ſhould be drawn up of- 
ten, and the earth it brings up examined, 
and cleared out. But when the harder 
deep foſſil earths are to be ſearched for, 
another inſtrument is to be uſed, ſuch as 
is recommended by the marquis de Tur- 
billy, from long experience of its uſe. 
It is a round iron rod, about an inch in 
diameter, made in joints each about three 
or four feet long, and to ſcrew one into 
another. At the bottom of the lower 
joint is ſcrewed in a ſtrong blunt ſteel 
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point, and a little above that, there is a 
groove made in the rod, near half an 
inch wide, and deep, and four or five 
inches long. There is likewiſe an iron 
handle to go acroſs the rod, and faſten 
to it, but ſo that the handle may flide up 
and down upon it; ſeveral ſmall holes are 
made through the rod, and one through 
the handle, and by putting an iron pin 
through both, the handle may be con- 
fined to the rod, higher or lower as ſhall 
be found neceſſary. The handle is to 
draw up the rod by, and being thus faſt- 
ened, prevents its ſlipping down out of 
the hand, and being loft, 

When this borer is to be uſed, begin 
with one or two joints only; it is to be 
lifted up, and let fall perpendicularly up- 
on the place where it is to enter the 
ground, which it will do by its own 
weight, a little way at firſt, and till 
deeper every time it is lifted and let fall 
down in the ſame hole. When it has 

K 4 pene- 
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n | penetrated to the top of the joint, {crew 
wh | another on, till it has gone as deep as re- 
» quired. As it will penetrate ſome inches 
3 ! deeper at every ſtroke, the groove at the ry 
11 A bottom ſhould be often ſearched, and I 
N the carth taken out of it, put into pa- 4 
il \#H pers, and numbered; by which will be | 
I ſeen, as the rod deſcends, what kinds of 

earth lie, at different depths, below the 

ſurface; and is of excellent uſe for diſ- 

covering marle, chalk, lime-ſtone, coal, 

| fuller's- earth, tobacco-pipe-clay, and 

5 other valuable earths and foſſils fit for 

| manure and other purpoſes, where it was 


| not ſuſpected that there were any ſuch ; 
1 for, as that excellent huſbandman, fir 
| Digby Legard, has obſerved; “ I can- 
1. not, ſays he, help thinking, that every ſoil 
ö either contains within itſelf a remedy for 
K its original barrenneſs, or, at leaſt that 
| no large tract of country is deſtitute, of 
| ſome peculiar productions adapted to its 
fertilization, ſo as to render it fit for the 
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production of vegetables, and the ſup- 
port of animals—But the treaſures of na- 
ture are not always obvious, nor her pro- 
ductions ſpontaneous.” This kind of 
borer, has, by ſtill adding more joints, 
0 gone to the depth of an hundred feet, 
5 and will penetrate into beds of ſlate and 
ſtone marle, and even into lime-ſtone, 
and ſtone of other Kinds, The expence 
of boring is not much, as one man can 
bore with ſuch a rod forty or fifty feet 
deep, which if done every four (quare 
perches, may be ſufficient, or if thought 
proper to go deeper, and the borer is, for 
ſtrength, made thicker, it may be worked 
by two men, 

If it is defired to know whether there 
are any ſprings in the ground, a little 
dry ſpunge put into the groove, will diſ- 
cover them, and at what depth they lie; 
for the ſpunge will be made wet in paſſ- 
ing through them. This is of ule to be 
known, when wells are intended to be 

dug, 
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dug, or lucern and other deep rooting 


plants are propoſed to be planted, that 
will not live where their roots reach wa- 


? | 

; . q ter. 

1:98 Chalk is another valuable manure, 
, j found in ſeveral counties of England in 
ö | > | great plenty, but little or none of it in 


Scotland, nor in Ireland. It is a foſſil 
| body, conſiſting chiefly of a calcarious 
| earth, and readily burns into lime : ſome 
| of it is of a ſoft, ſoapy quality, which is 
reckoned the beſt for manure: it 1s 
ſomewhat of the nature of marle, and is 
| 
4 
| 


called fo in the Iſle of Wight. It is of- 
ten found near the ſurface of the ground, 
lies in beds as free-ſtone, and frequently 
to a great depth. 

Chalk is in general of a dry quality, 
148 and conſiſts of very minute parts, and 
hence it ſeems to be ſo great an improver 
b of clayey and other lands. When dried 
th by the ſun and air, it will not fall down 


into powder among water, as marle does, 
but 
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but becomes almoſt as hard as ſome kinds 
of ſtone: for this reaſon it ſhould not be 
dug and expoſed to the air in ſummer. 
The beſt time to dig it up is in the be- 
ginning of winter, from Michaelmas to 
Chriſtmas, and to carry it upon the land 
as ſoon as dug; for then it is moiſt, and 
will diſſolve by the rain and froſt; but 
will not diſſolve in a long time, if ſuf- 
fered firſt to become dry and hard. When 
laid on the land, the large pieces ſhould 
be immediately broke ſmall, and ſtill as 
it diſſolves ſhould be evenly ſpread upon 
the land, and ploughed in. If this is 
done carefully, the whole will be fit to 
plough in by Candlemas ; but none of it 
ſhould be ploughed in till thoroughly 
broke: and the whole ſhould be well 
mixed with the land by ploughing and 
harrowing. 
About thirty cart-loads of chalk, thus 
managed, will be a moderate dreſſing for 
an acre of ſtrong land, which it will en- 
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rich for fourteen or fifteen years. But, like 
marle and ſome other manures, chalk 


ſubſides through the foil, till it gets be- 


low the tillage, and may be found lying 


there in a thin cake. By ploughing the 
land a little deeper, the chalk is again 
brought up, and will have the ſame good 
effect as before. 

It is cuſtomary with ſome farmers to 
mix dung with chalk, when firſt laid on; 
and others give a dreſſing with dung, 
every fourth or fifth year after chalking ; 
which without doubt adds to the fertility 
of the land. But if the chalk is pre- 
pared as above mentioned, and a ſuffi- 
cient quantity laid on, ſuitable to the 
quality and condition of the land, no 
dung will be neceſſary at firſt, nor till 
the land begins to abate of its fertility, 
which after ſome years it will do, by part 
of the chalk finking down below the ac- 
tion of the plough, and the effect of fo 
much of it being thereby loſt, till the 

whole 
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whole is brought up again, For this 
reaſon it is neceſſary to add more chalk, 
to ſupply the room of what ſinks down, 
or to ſupply that deficiency with dung, 
till the chalk is all to be ploughed up 
again, 91201 

Chalk has been long uſed as a great 
improver of clays and ſtrong loams, and 
thought to be improper for light land; 
but it is now found by experience to en- 
rich all ſorts of land, the light as well, as 
the ſtrong. To underſtand the reaſon of 


this double effect, I ſhall refer the reader 


to what is ſaid of marle. Chalk; like 
marle, opens and mellows clays, and 
conſolidates light foils. Not becauſe it 
contains any of the vegetable principles, 
as ſalts, &c. or that it attracts them from 
the air. For pure chalk is naturally bar- 
ren, and no ſalts are found in it. The 
author of the Complete Englith Farmer, 
indeed ſuppoſes, that chalk contains in 
it the principles of fire, becauſe it warms 
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cold clay ſoils : but it gives no indica- 
tion of its containing fire more than 
other calcarious earths; its warming 
cold wet land, being in conſequence of 
its opening ſuch land, by which the wa- 
ter eſcapes which ſtagnates in ſuch land, 
and is the cauſe of its coldneſs. And be- 
ſides, if chalk, had this effe& upon cold 
land, by reaſon of its heat, it would be 
pernicious to light hot land, contrary to 
experience. 

That the improvement of ſtrong clayey 
land by marle and chalk, is from their 
drying and warming ſuch land, appears 
from hence, that all forts of land, ſtrong 
and light, are made cold and impover- 
iſhed by wet or too much moiſture ; and 
that they are conſtantly improved and 
made warmer by draining, or opening 
manures. Ruſhes, flags, ſedge, horſe- 
tail, and other ſuch plants, thrive in 
ſtrong and light lands, if water ſtagnates 
in them; becauſe that keeps them moiſt 

and 
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and cold ; but let the ſuperfluous water 
be, by any means, carried off, they wilt 
die away. | 
Lime is another manure of general uſe, 
and is made from chalk, and from lime- 
ſtone, whereof there are different ſorts : 
the hardeſt makes the ſtrongeſt lime. 
Lime-ſtone contains a large proportion of 
calcarious earth, which is of a fertilizing 
quality : for unburnt lime-ſtone reduced 
to powder, is a good manure. But ma- 
ny kinds of ſtone have little calcarious 
earth in them, and theſe will not burn to 
lime. The way to diſcover lime-ſtone, is 
to pour alittle of a mineral acid upon the 
ſtone to be examined, as oil of vitriol or 
aquafortis, and if a briſk ebulition enſues, 
it may be concluded to be lime-ſtone >: 
for theſe acids have no ſuch effect upon 
any ſtone that will not burn into lime. 
There are different opinions concern- 
ing lime, ſome highly commending it as 
an excellent manure; others condemning 
it. 
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it as a great impoveriſher of land, The 
laſt quoted author ſays, ©** That lime laid 


on, at whatever time, or managed in 
whatever manner, will, after the firſt or 


| ſecond year, impoveriſh every foil it 


mixes with. Four years ago, ſays he, 
upon a hilly field of clay, I limed for 
wheat, at the rate of ſixty buſhels upon 
an acre; and by the perſuaſion of my 
ſeedſman, I ſowed near three buſhels of 
wheat, and reaped after the rate of ſix- 
teen. The year following oats were ſown 
upon the ſame field, not through choice, 
but from neceſſity, and produced about 
four quarters upon an acre. The third 
year, barley and clover, after being win- 
ter fallowed and ploughed thrice ; the 
barley did not amount to five buſhels, 
and hardly a blade of clover was to be 
ſeen when the barley was mowed, though 
ſowed at two different periods, both fa- 
vourable enough, as being ſown when the 
ground was moiſt, and rain ſucceeded in 


a few 
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a few days after ſowing. The abſolute 
ſterility of this field, I wholly impute 
to the effects of the lime; which though 
as a manure I decry, yet as a preſervative 
againſt the ravages of grubs and inſets, 
I moſt zealouſly commend. Neither is 


there any bad effects to be apprehended 


from the moderate uſe of it, Ten or 
fifteen buſhels ſown upon an acre by hand, 
in ſuch a manner as to be all equally dif- 
fuſed, will warm and cheriſh land, when 
ſixty ſpread with a ſhovel, will hurt and 
impoveriſh it. This caution I thought 
proper to repeat, becauſe of the indiſcri- 
minate uſe, which the beſt Harmers are 
too apt to make of this manure. 


The ill ſucceſs of this experiment, | 
ſeems to have been the principal reaſon of 


the auther's decrying the uſe of lime, for 


in the preceding paragraph he ſays, “ In 
Suſſex, which runs much upon ſtiff clay. 


and all through the North, they always 


prepare their lands for wheat, by manur- 
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ing with lime; and though I do not ap- 
prove of the practice, from the ill ſucceſs 
that has attended my own experiments, 
yet I cannot believe that it would be uni- 
verſally followed in thoſe countries, if it 
were diſcovered to be univerſally hurtful, 
Indeed they fallow and lime for wheat 
and as no one ventures a crop upon fal- 
low alone, all the merit of the increaſe, 
is placed to the account of the lime.” 
This gentleman's clay-field ſeems to 
have been a poor ſoil, or not in good 
heart ; and the ſucceſſion of his crops was 
unfavourable to his experiment ; three 
robbing crops in immediate ſucceſſion, 
without any other help than fixty buſh- 
els of lime per acre, mult impoveriſh the 
land; and fixty buſhels was too ſmall a 
quantity to lay upon clay, eſpecially if it 
was chalk lime, which is the weakeft 
ſort. 
As to their practice in Yorkſhire, where 


they uſe much lime, Mr. Young, ſays, 
6c Is 


Or MANURES. 147 


« Is to lay a chaldron and half per acre, 
thirty-two buſhels per chaldron, on ſum- 
mer fallows, either for turneps or wheat, 
But Mr. Crowe, inſtead of this practice, 
has ſubſtituted another, which he finds 
greatly advantageous, and in which 
thought I believe he is original. It is to 
throw a chaldron per acre every year, 
over all the land of his farm, before win- 
ter, and plough it in, whether for a crop 
or a fallow. This he finds to be of ex- 
cellent ſervice, in mellowing the land 
with the ſpring froſts, and dries it in ſuch 
a manner, that all his lands are, by this 
means, ready much ſooner in the ſpring 
for ploughing : an effect which is un- 
doubtedly of great conſequence, as it ac- 
celerates an early ſowing, ſo important 
in all crops. The farmers in this neigh- 
bourhood, lay from one, to two chal- 
drons and a half per acre, and find it ve- 
ry beneficial to all ſorts of land The 


ſoil here is of two forts, a loamy gravel, 
L2 and 
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and a cold wet red clay. Mr. Crow's ſoit 
is gravel and clay, but his arable fields 
all clay.” | 

In other parts of this country, they lay 
from one to two, three, four, and ſome- 
times five chaldrons of lime upon an acre. 
I have known three hundred ſtrike, Win- 
cheſter buſhels, of ſtrong ſtone- lime laid 
upon the acre of clay ground, and once 
above that quantity upon a poor lay; 
which being ploughed in, and the land 
ſown with wheat, the conſequence was, 
a luxuriant, lodged crop. Where lime 
is cheap, it is common to Jay a buſhel 
upon every ſquare perch of land, or an 
hundred and fixty buſhels per acre. But 
when fuch large quantities were Jaid on 
at once, it 1s for ſeveral ycars, and the 
land to have no other dreſſing: but Mr. 
Crow's method of liming every year in 
ſmaller quantities, is to be preferred. 
And though in a courſe of years, the an- 


nual repetition amounts, upon the whole, 
to 
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to a large quantity, it: is plain from his 
ſucceſs, that lime is very beneficial, even 
to very ſtrong land. | | _ 
lt is, ſays Dr. Hunter, generally 
ſaid, that lime anſwers better upon ſand 
than clay. This obſervation will un- 
doubtedly hold good, as long as the 
farmer continues to lime his clay lands in 
a ſcanty manner. Let him treble the 
quantity, and he will then be convinced, 
that lime is better for clay than ſand. It 
may be juſtly anſwered, that the profits 
will not admit of the expence—-I agree. 
— But then it muſt be underſtood, that 
it 1s the application, and not the nature 
of the lime, that ſhould be called in 
queſtion. Clay well limed will fall in 
water, and ferment with acids: its very 
nature is changed. | 
Lime mixed with clay comes hear- 
eſt to the nature of marle, of any factiti- 
ous body we know of, and may bt uſed 


as ſuch, where it can be had withont . 
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much expence. By increaſing the quan- 
tity of clay, it will make an excellent 
compoſt for a light ſandy ſoil: but to 
make the ground fertile, woollen rage, 
rotten dung, or any oily manure ſhould 
be incorporated with it, ſome time before 
it is laid on.“ 
Lime, fays another practical huſ- 
bandinan, is one of my favourite ma- 
nures; as. I have ſeen it work miracles, 
and, if properly managed by proportion, 
never fails its proprietor.” The propor- 
tion or quantity uſed, is undoubtedly a 
material circumſtance, and ſo is hke- 
wiſe the quality of it; the lime made 
from marble, or very hard ſtone, being 
abundantly ſtronger than chalk lime. 
Strong clayey lands are very improve- 
able by liming, but the moſt general prae- 
is to lime light, ſandy foils, the effect of 
which is remarkable, eſpecially at firſt : 
for it is by mavy thought to impoveriſh 
them greatly afterwards. Liming them 
a ſe- 
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a ſecond time has but little effect, the 
fertility of the land is exhauſted, and it is 
at laſt in a much poorer ſtate, than be- 
fore any lime was laid upen it. This 
effect of lime is differently accounted for. 
Thoſe who think oils and ſalts mixed 
with the ſoil, neceſſary to vegetation, ac: 
knowledge that lime affords neither of 
theſe; but they ſay, that there is a great 
attraction betwixt quick lime and all oily 
bodies, and therefore lime muſt attract 
oils powerfully from the air and earth, 
diſſolve them, and render them miſcible 
with water. Alſo that lime ſeems to have 
the property of collecting the acid of the 
air, which it readily forms into a neutral 
ſalt, of great uſe in vegetation; hence; 
they ſay, it 1s probable that lime tends to 
cob the ſoil of its oily: particles, and in 
time will render it barren; unleſs the 
farmer takes care to ſupport it with rotten 
dung, or other manures of an oily nature, 
Alſo that the excellency of lime upon a 

| L 4 ſandy 
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ſandy ſoil, is by mechanically binding the 
looſe particles, and thereby preventing 
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N the liquid parts of the manure from eſcap- 

i ing out of the reach of the radical fibres 4 
of the plants, This is an ingenious A 

| theory, but loaded with too many ſup- : 

: poſitions. For not withſtanding the ſup- 3 


N 
— 2 


poſed uſes of oils in the earth, it is upon 
good grounds queſtioned, whether earth 
contains in it Either oils or, ſalts, as ap- 
peats from many experiments made by 
the curious in different parts of Europe, 
Britain, France, Holland, Switzerland, 
and Sweden, to diſcover from whence 
vegetables are ſupplied with their food, 
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3 from water, air, or from earth. Theſe 
1 experiments were variouſly conducted, 

0 but ſimilar in the event. 8 
1% Van Helmont planted the cutting of a 4 
4440 willow, - weighing five pounds, in an : 
ö | earthen veſſel, having a tin cover, per- 
alk forated with a number of ſmall holes, 

q | wherein he put two hundred pound of 

the "v7 dried 
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dried eatth, which he watered as often 
26 neceſſary. At the end of five years, 
he took out and dried the earth, and 
found it had only loſt two bunces of its 
original weight; but the willow had 
gained an hundred and ſixty- nine pounds 
and three ounces, from the water, or its 
contents. 

SGleditch, Bonnet, and Du Hamel, 
found, that plants ſet in moſs or ſpunge, 
kept in glaſſes, moiſtened with water, 


grew well and flouriſhed, without earth, 


and that theſe plants contained the ſame 
principles, as other plants of the ſame 
fort, which grew in earth. And that 
mixing the water with nitre, common 
ſalt, and even with a ſolution of rich 
earth or dung, contributed little to the 
growth of plants, and that that bers. 
throve better in pure water. | 
G. W. Kraft, ſowed oats and hemp- 
ſeed in different ſubſtances, 'viz. in rich 
earth, dried ſand, in pieces of woollen 
cloth, 
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cloth, and chopped hay: he moiſtened 
theſe ſeeds with water, and found they 
grew nearly as well in one of theſe ſub- 
ſtances as in the other. But in filings of 
iron, in aſhes of plants not waſhed, in 


ſand mixed with nitre, in pot-aſhes, and 


in flour, though ſown and treated in the 
{ame manner, they did not vegetate at 
all. Dr. Alſton, made nearly the ſame 
experiments, with the ſame ſucceſs. Salts 
of ſeveral kinds mixed with earth, -not 
only retarded the growth of plants, but 
put a total top to it. He found that the 
moſt hungry earth, exhauſted by vegeta- 
tion, and fitted, nouriſhed plants full as 
well as the richeſt earths. He alſo re- 
marked, that the hungry earth became 
much more barren, by being mixed with 
lime, and that lime water did not pro- 
mote the growth of herbs or ſhrubs. 
From theſe experiments, ſays Wal- 


lerius, made with the greateſt care, re- 


peated with the utmoſt circumſpect ion, 
and 
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and always attended with the ſame ſuc- 
ceſs, we are authoriſed to conclude, that 
the earth yields no real nouriſhing mat- 
ter to plants, but that their nutritive 
juices, are derived from water and the at- 
moſphere. 

0 Trieiwald, in Sweden, and ſince him 
Eller, have alſo lately confirmed theſe 
experiments. The latter obſerved, that 
the roots of hyacinths, put in diſtilled 
water, not only produced perfect plants, 
but, after being burnt, yielded true 
earth. | 

« Theſe experiments prove evidently, 
that vegetables derive all their conſtituent 
parts from water, and air, andeven their 
oils and ſalts, as well as their earthy par- 
ticles; as will appear ſtill more plainly 
from what follows. 

Four thouſand different plants can 
grow in twenty pound weight of earth; 
and in each of them ſhall be found a dif- 
ſerent oil, and a different ſalt, Let us ſup- 
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poſe theſe plants to be chemically ana- 
Iyſed ; near an ounce of oil and ſalt will 
he found in each. If this oil and this 
falt, had proceeded from the earth, there 
muſt have been in that earth four thou- 
ſand ounces, or two hundred and fifty 
pounds, of oil and falt ; whereas, in fact, 
there was not a grain of either of them 
wt... 

Upon the whole, the following con- 
cluſions appear to reſult from theſe expe- 
riments, viz. 

1. That the great ſource of vegetable 
nouriſhment is from the atmoſphere: 
from thence the earth is ſupplied with it, 
and likewiſe the air and water; for theſe, 
when diveſted of it, are again recruited, 
and receive a new encreale of it from the 
atmolphere. 

2. As all ſorts of earth are liable to be 
exhauſted of the vegetable nouriſhment, 
by the plants that grow upon them, and 
are again repleniſhed with it from the at- 

moſphere ; 


moſphere ; the difference | between, rich 
and poor ſoils appears to conſiſt in their 
aptneſs to receive more or leſs. of that 
nouriſhment. 1 - 

3. This aptneſs or diſpoſition in differ- 
ent ſoils, to receive from the atmoſphere 
different degrees of fertility, ariſes from 
the number, ſize, and qualities of the 
particles whereof theſe ſoils are com- 
pounded. 

4. Rich earths are found to conſiſt of 
innumerable fine particles, which, when 
opened and divided, by tillage, manure, 
or the fermentation excited in them, by 
the viciſſitudes of heat and cold, drought 
and moiſture, are thereby prepared to re- 
ceive large proportions of the vegetable 
food from the atmoſphere : whereas poor 
earths, containing a great deal of _ groſs 
parts, ſtones, gravels, and large ſands, 
not ft to receive the nutritious matter; 
and of fine particles, a very ſmall pro- 
portion, are not adapted to receive or re- 
7 tain 
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wy tain the vegetable food in any conſiderable 
ny 5 quantity, and are much ſooner exhauſted 
| | : of it than rich earths, 

3 3 | Hence appears the real ſource of the 
vegetable food ; and points out the man- 
ll 1 ner in which manures do probably oper- 
| 


i ate upon different ſoils to enrich them. 
* There is no ſort of manure, concern- 
ö ing which opinions have been more dif- 
! 100 ferent, than of lime; and as it is to be 
is | had in many places, itis a matter deſery- 
ing particular enquiry, whether lime is 
of that pernicious quality to land, as by 
ſome has been repreſented; and the 
| grounds of this opinion. 


.. Lime is reckoned a great forcer of 
we'd land; the meaning of which is, that 
tl; 3 lime diſpoſes land to exert a much great- 
| er degree of fertility at firſt, than it was 
14: | before capable of. This is no diſadvan- 
W „ tage to the farmer; a few large crops of 

i 5 corn being more profitable, than many 
i} very poor ones. But then, it is ſaid, that 
after 
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after producing theſe, few large crops, 
the land is ſo much exhauſted, that it 
ever after remains incapable of being re- 
ſtored, by lime or other manures,. 

To ſet this matter in a juſt light, jt is 
to be obſerved, that lime has moſt com- 
monly been uſed as a dreſſing, to light, 
thin, poor ſoils. That theſe poor lands 
being frequently ſo remote from the 
homeſteads that the farmers could not 
ſpare their dung to dreſs them; or 
thought the expence too great, of carry- 
ing their dung to ſuch a diſtance; and 
therefore choſe to lime ſuch lands; the 
effect of lime continuing longer, and the 
carriage much leſs expenlive than dung ; 
as one load of lime will manure as much 
land, as four or five loads of dung. 

In conſequence of a good liming, the 
farmer expects his poor land will pro- 
duce him ſeveral good crops of corn, and 
he proceeds accordingly to crop it every 
year without intermiſſion, allowing it no 

pro- 
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proper change of crops, no fallowing, 


nor reſt; nor any other manure than the 
firſt liming; neither does he diſcontinue 
his crops, when he perceives the land 
abating of his fertility. On the contrary, 
too many farmers are apt to run their 


land out of heart, not only after liming, 


but in common practice. Nor is the com- 


plaint of impoveriſhing land, reſtricted to 


lime only; the ſame thing has been ſaid 
of marling, chalking, and more eſpecially 
of burn- beating, which enriches land 
greatly at firſt, but by a repetition of ex- 
hauſting crops, is often impoveriſhed to 
as great a degree as land after liming. 
The injury to the land therefore, ought 
not to be charged to liming, but to over- 
cropping, and running the land out of 
heart. Many inſtances might be given of 
this; and I have ſeen ſome poor fields, 
that after liming, had been every year 


cropped with corn, for a long courſe 


of years, till they were at laſt incapable 
of 
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of yielding a crop of corn, or even 
weeds. 

Similar to this, Sir Digby Legard de- 
ſcribes the bad huſbandry practiſed upon 
the Yorkſhire high wolds. All the ma- 
nure, ſays he, this land gets, is from the 
ſheep-fold, and were he, (the farmer) 
content to plough no more than he can 
thus well improve by twice folding, it 
would be well; but the rage of plough- 
ing is ſo great, that he eyery year has 
been accuſtomed to plough up afreſh 
part of his ſheep-walk, to take a crop or 
two, and then let it lie fiſteen or twenty 
years, till the natural graſs has again 
formed a kind of turf : but it will ſome- 
times be forty years before the land is 
completely ſodded over. This ruinous 
practice is but too common; and where 
it has long prevailed, the farmer ſeldom 
has a threefold increaſe, He ſows four 


buſhels of oats, and three of barley, and 


is happy if he recaps twelve buſhels of the 
M former, 
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1 former, and nine of the latter. He may 
1 plough half an acre in a day with two 
1 horſes; therefore his crop being worth 
eighteen ſhillings, if we deduct twelve 
ſhillings for ſeed, tillage, and rent, his 
profit is ſix ſhillings, but the value of 
the ſtraw is not equivalent to the ex- 
pence of mowing, binding, and lead- 
ing home; two ſhillings ought to be 
charged for thoſe articles; and thus is 
his profit reduced to four ſhillings per 
acre. 

The rent of the wolds is only one 
ſhilling per acre, and it might be thought 
that ſuch poor crops were owing to the 
native poverty of the ſoil; but this is 
not the caſe : for though it 1s not indeed 
rich, yet we find, theſe bad unprofitable 


1 crops, are not in conſequence of the poor 
wil ſoil, but it is principally owing to the 
| | bad huſbandry ; as appears by the crops 
3 
? . 


| received from ſome of the very ſame land 
i by Sir Digby himſelf. 
1 J have, 
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e J have, ſays he, incloſed three 
hundred acres on the top of the wolds, 
and have laid down the greateſt part with 
various kinds of graſſes. Sainfoin, white= 
clover, rye-graſs, rib-graſs, and burnet, 
which ſucceed pretty well with me. 
Theſe graſſes taken at an average, a good 
year with a bad one, and thirty or forty 
acres together; yield near a ton of hay 
per acre, on land which never bore any 
hay before it was incloſed. I eſteem 
this land to be now well worth ten ſhillings 
an acre. Theſe three hundred acres were 
as bad as any in the lordſhip. I find by 
experience, that the ſame land in corn 
yields, after being well manured, three 
quarters of barley, and two quarters of 
wheat per acre, My turnips are worth 
at a medium thirty ſhillings per acre, and 
the clover twenty ſhillings,” 

Here we have a ſtriking example of 
the effects of different management of 
the ſame land. In one caſe this land 
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produces on an average but nine buſhels 


of barley per acre per annum. In the 
other, the ſame land produces twenty- 
four buſhels of barley, or almoſt three 
times the quantity it yielded, under the 
bad management of the tenants of the 
wolds. 

Lime has been moſt commonly uſed 


upon light, poor land, which it has been 


ſuppoſed to impoveriſh. No ſuch bad effect 
is uſually obſerved from liming ſtrong 
good land: for though good land is alſo 
ſubject to be impoveriſhed by bad ma- 
nagement; yet, as it contains a large 
fund of rich materials, it recovers again in 
a ſhort time; whereas poor land con- 
taining a much ſmaller proportion of ſuch 
materials, is ſooner exhauſted, and long in 
recovering. Lime is undoubtedly a valu- 
able manure for all forts of land, but the 
good effects of that and other dreſſings, 
depend much upon the conduct of the 
farmer, He may by bad management run 


any 


S 


Or MANURES. 165 


any land out of heart, eſpecially poor 
land; but this ought not to be imputed 
to liming. The tenants of the wolds im- 
poveriſhed their lands to ſuch a degree, 
that they did not when reſted, form a new 
turf in fifteen, twenty, and ſometimes in 
leſs that forty years; what greater injury 
than this could liming have done ? And 
yet this fame land judiciouſly cultivated, 
was worth ten ſhillings per acre rent. 
Where a perſon has occaſion to uſe 
much lime, he may burn it himſelf at a 
much cheaper rate than he can buy it: and 
his lime may be burnt more perfectly, and 
will go farther in manuring : for in lime 
burnt for ſale, there is generally a conſi- 
derable proportion of raw, or half burnt 
ſtones, that are of little or no ſervice to 
the land at firſt, or are long in diſſolving. 
Lime when thoroughly burnt, falls pre- 
ſently into a very tine powder, which 
mixes perſectly with the foil, and acts 
vpon 1t fully from the beginning ; but 
when not well burnt, a greater quantity 
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1 | muſt be laid on the land, and the opera- 
; | tion of it is flower and more uncertain. 
3 For theſe reaſons, lime perfectly burnt, is 
| molt to be depended upon by the farmer, 


and is the cheapeſt manuring. 
To burn a large quantity of lime at 
once, mark out a piece of ground with a 


boundary line in form of a long ſquare. 


Cut ſeveral narrow parallel trenches 

lengthways of the ground, and others 

acroſs the former. The ends of theſe 

trenches ſhould extend beyond the boun- 

dary line. Fill the trenches with bruſh- 

wood or furze, and lay ſome larger wood 

acrols all the trenches, Then lay a layer 

| of coals all over the foundation, and upon 
| that, a layer of lime-ſtone broke ſmall. 
| Upon this lay wood or furze, next coals, 


and then lime-ſtone. Continue to make 
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layers of theſe to the top of the clamp. 
In the mean time walls of turf are to be 
raiſed, all round upon the boundary line; 
1 and theſe are to be tied with croſs walls 
of turf, to ſupport the whole while burn- 

ing. 
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ing. Some vent-holes are alſo to be left 
open near the top of the wall to draw air. 
And when the wall, and layers within, are 
raiſed about nine or ten feet high, the 
top is to be finiſhed in form of the roof 
of a houſe, and covered with turf. Then 
ſetting fire to the furze at the ends of 
the trenches, keep the whole burning 
with a flow fire, till the lime-ſtone is cal- 
cined. If any of the turfs fall down, they 
are to be returned to the clamp. The 
ſmaller the ſtones were broke, the more 
perfectly the lime will be burnt, and with 
the mixture of turf, coal, and wood- 
aſhes, will make excellent manure. 
Lime may be alio burnt in kilns built 
with turf, the ſtones broke ſmall, and 
laid in layers with coals, wood, or furze. 
Theſe ſerve to burn lime occaſionally, 
and in ſmall quantities, Theſe kilns ſoon 
decay, but the expence of erecting them 
is not much; and they may be made 


upon the fields where the lime is to be 
uſed. 
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But where there is a conſtant demand 
for lime, it is by much the beſt way to 
erect a kiln of brick or ſtone. Some 
are built wide at top, and narrowing 
downwards towards the bottom: but 
kilns of this form require much fewel. 
Such as are narrow at top and bottom, 
and wide in the middle, called reverbe— 
ratory kilns require the leaſt fewel, and 
burn the lime moſt perfectly; and where 
they are made not to be emptied at once, 
but ſome of the thorough burnt drawn 
out at bottom, and filled again at top, 
once or twice a day, theſe are called per- 
petual or running kilns, and are the moſt 
convenient, where large quantities of 
lime are wanting. The following I have 
found to be a good form for one of theſe 
kilns, 

Pl. II. Fig. 7. 4,6, is the depth of the 
kiln eighteen feet; c, d, the width of the 
kiln at the top, fix feet; e, f, the width 
at bottom ſixteen inches. The kiln at 
g. h, ſeven feet and a half from the top, 
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is nine feet three inches wide, and conti- 
nues of the ſame width to the middle at z, &. 
From the middle 3, &, to the bottom e, f, 
it narrows gradually to ſixteen inches: 
the form therefore of this kiln is ſome- 
what eliptical or oval: from one hundred 
to one hundred and fifty buſhels of ſtone- 
lime may be burnt in it every twenty- 
four hours; twenty buſhels of coals or 
culm will burn about one hundred buſhels 
of ſtone- lime, but conſiderably more of 
chalk-lime, The ſmaller the lime-ſtone 
is broke, the ſooner it will burn to lime, 
and the more thoroughly. A kiln of this 
form reverberates the heat ſtrongly, and 
will burn lime with much leſs fewel, than 
thoſe that are wideſt at top. 

It may be built of ſtone or brick, and 
the walls ſhould be between two and 
three feet thick. If of ſtone, it ſhould 
be ſuch as will ſtand the fire, without 
being calcined ; the blocks cut regular, 
and laid in ſtrong mortar, Tf built with 
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bricks, they ſhould be of the beſt ſort. 
But the violent heat will notwithſtand— 
ing cauſe the ſtone and brick to ſcale and 
break off on the infide of the kiln; which, 
it conſtantly uſed will wear away ſo much, 
that the kiln, in no long courſe of time, 
mult be rebuilt. To ſave in ſome mea- 
ſure this expence, the beſt way is to line 
ſuch kilns at firſt on the infide, with the 
beſt bricks, laid flat all round it, with 
their ends pointing to the center of the 
kiln; and when theſe wear away with 
the heat, the whole brick lining is to be 
taken out, and the kiln new lined as at 
firſt: by this means the walls of the kiln 
will laſt a great while, 

The beſt ſituation for ſuch a kiln, is on 
the fide of a hill, or rifing ground, into 
which it ſhould be built ſo far back, that 
only the eye, and a ſmall part of the front 
of it ſhould be ſeen, and all the reſt ſunk 
into the hill; being thus almoſt ſur- 


rounded with a thick bank of earth, the 
heat 
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heat will be confined, and leſs fuel will 
be neceſſary than if the walls of the 
kiln were naked and open all round. 

When the kiln is thus erected, a good 
ſpace of ground at the upper part of it 
ſhould be Jevelled even with the top of 
the kiln, and a ſhed built there, large 
enough to receive the coals and lime-ſtone, 
and for men to work in the dry, and 
break the lime-ſtone there. 

Kilns that are open and without ſhelter 
at top, are ſo much expoſed to windy and 
rainy weather, that the burning is often 
obſtructed, and ſometimes entirely ſtop- 
ped by it; and much rain damages the 
lime. To prevent this, raiſe a dwarf wall 
all round the top of the kiln, except next 
the ſhed, where an opening is to be left, 
to fill the kiln when neceſſary; and the 
ſhed is to be continued quite over the 
kiln: which being thus ſheltered on all 
tides, may be worked at all times with- 
out injury or obſtruction from the wea- 
ther. 

A cart- 


BW —— — ———— > os — —— "OS 
— — — — — 


CEE 
* — 


— 2 
Fr 

— 
wot... 2 

* 


D 
"oy _—_ 
„ 5 — 


— 
2 


— —— — w—1—ͤ—— — — — — 
o 1 the 


7X aA _— 


— = — — — 


4 LAKE — 
r 
Ole — —— 4 NRNX0o 


— o—— 


— — 


— — — A 4 a 
—— — 


© i 4 <2 . 


mY > 
24 . 4 — <t en oatbet -<" 5 


_ tan _— z > 8 


5 


— —— x —ů 2 223 08 Fr 
nen - — — - 


— 4 — - —_— * 0 — — — 
65 < " > . 
* 2 1 * 
— EY ——— 
_— r 
N 


Oo as. 2 — 
=» - 8 


— ß * 


A 
3 
r 


—— — —— 


— 
vor. — : 
* - 


I. 
4 Ine 
Abd... 


172 Or MANUR ESS. 


A cart- way is to be made, winding up 
the hill with a gentle aſcent to the ſhed, 
that the lime-ſtone may be carried up 
there directly from the quarry without 
being unloaded. Or if there is not room 
for a cart-way, a narrow road may be 
made, to carry up the lime-ſtone and coals 
in wheel-barrows; but this is more te- 
dious and expenſive than to carry them 
up in carts. 

Where there is a demand for large 
quantities of lime, a lime-houſe ſhould be 
built adjoining to the eye of the kiln, 
into which the lime may be conveniently 
carried, as it is drawn out out of the kiln, 
without receiving any wet : and is there 
kept dry, till it is wanted. This method 
of conſtructing a lime-kiln, ſheds, &c. is 
the moſt convenient and complete, of 
any hitherto contrived. | 

Lime: ſtone- gravel is a manure of gene- 
ral uſe in Ireland, where it abounds. 
Some of it is alſo found in Britain, and 
might doubtleſs be found in many places, 


1 


Or MANURE 173 


if diligent ſearch was, made for it. It 
conſiſts of an earth mixed with ſmall 
ſtones of different ſizes, which are of a 
calcareous nature. If laid on the ſurface 
of meadow or paſture, the ſurface of the 
ſtones ſhell off in flakes with the weather, 
which diſſolve and enrich the ſpots all 
round where they lie. This they conti- 
nue to do every year till they are almoſt 
or quite difſolved, and all lands this ma- 
nure is laid upon, are much enriched by 
it. It is a kind of ſtone marle, and great- 
ly improves thoſe eſtates where it 1s 
found. 

Having thus conſidered the nature and 
application of the principal fingle ma- 
nures, marle, chalk, lime, and lime- 
ſtone-gravel; it is unneceſſary to extend 
our enquiries to other ſingle manures of 
leſs extenſive uſe; and therefore I ſhall 
here take notice of only one other kind, 
which is likewiſe pretty generally uſed, 
I mean ſoap- boiler's aſhes ; a manure re- 
commended by the writers on this ſub- 

| ject ; 
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je ; but who have not diſtinguiſhed the 
different ſorts of it, though the difference 
is ſo great, that one load of the ſtrongeſt 
will go as far as ſix or eight of the infe- 
rior ſort. 

To explain this, it is to be obſerved, 
that the ſoap-boilers in and about Lon- 
don, make uſe of the Spaniſh barilla, a 
kind of pot-aſh imported from thence in 
ſerons or large lumps, very cloſe, hard 
and full of falts. This the ſoap- boilers 
break and pound very ſmall, and ſome- 
times ſift it, and being mixed with lime 
to open it, the falts are waſhed out: but 
the particles of the barilla are ſo hard, 
that ſome of them are not opened by the 
water, and a conſiderable proportion of 
ſalts remain ſtill in the aſhes. When 
theſe are mixed in a compoſt, the harder 
parts are opened by the fermentation, or by 
that and the weather, when carried to 
the land directly. Ten or twelve cart- 
loads per acre is a good dreſſing for cold 


ſtrong land, which is much improved by 
6 them: 
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them: but if laid on warm dry land, a 
much ſmaller quantity; or to be mixed 
with ſtrong earth, or other cool manure, 
otherwiſe they are apt to burn ſuch land. 

Kelp made from ſea-weeds is a kind of 
pot-aſh uſed by ſoap- boilers. It is not fo 
hard nor ſo full of ſalts as the barilla ; it 
likewiſe makes a good manure, after they 
have done with it, but inferior to the 
former. 

Another ſort, very commonly uſed, is 
wood-aſhes, Theſe being open and 
ſpungy, their ſalts are readily waſhed out, 
ſo much, that they make a very weak 
manure. The farmer ſhould lay on a 
much larger quantity of theſe than of 
the two former, or they will diſappoint 
his expectations. 

Another manure, that is for the moſt 
part uſed ſingly, or without mixture, is 
the dung of ſheep, commonly laid upon 
the land in the way of folding. Thiz 
is an excellent manure for all ſorts of 
land; and fo neceſſary where there are 

extenſive 
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extenſive farms, conſiſting of large tracts 
of light dry lands, downs, heaths, and 
commons; that without the fold, the oc- 
cupiers of thoſe farms, which frequently 
lie at a great diſtance from large towns, 
could not cultivate their arable lands to 
any advantage for want of manure, in the 
common methods of cultivation, Theſe 
light dry ſoils are commonly too poor to 
ſupport large cattle, but are peculiarly 
adapted for ſheep-walks. The ſhort dry 
herbage is moſt agreeable to ſheep, is 
excellent paſturage for them in ſummer, 
and while they feed there, they are not 
ſubject to the rot, and other diſtempers 
theſe tender animals are liable to, when 
kept upon low, rich, or wet grounds. 
Summer folding has been found ſo ad- 
vantageous, that ſome farmers are com- 
ing into a practice of winter folding 
their breeding ewes ; a method too ha- 
zardous to be recommended or approved 
of. For though ſhcep attended by a 


careful ſhepherd, may be ſafely folded 
upon 
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upon loams, and ſtronger land in ſummer, 
while the ground is dry and warm, it is 
very different in winter. The land is 
then generally wet and cold, and confin- 
ing them in a fold upon ſuch land during 
the ſnow or cold rains of that rigorous 
ſeaſon, if it does not immediately kill 
them, will lay the foundation for the rot, 
and other dangerous diſeaſes. 

All ſorts of cattle thrive beſt that are 
ſheltered from the inclemencies of wea- 
ther ; and the method they have in Heres 
fordſhire, and ſome other counties, of 
houſing their ſheep in winter, js greatly 
preferable to winter folding. The beſt 
way for this, is to allow them a ſeparats 
yard, made in the form above recom- 
mended, for a farm-yard, and ſheds round 
it, with racks or cribs to put their hay in, 
or other food, as turnips, cabbages, cole- 
ſeed, &c. that they may feed in the dry, 
and have liberty of going into the yard at 
pleaſure. The yard ſhould communicate 
with, or be near to ſeveral ſmall inclo- 
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fures, of found dry paſture, to which 
they ſhould have acceſs in the day-time, 
and ſhut into their yard at night. Shift- 
ing them from one incloſure to another, 
will contribute to their thriving ; for cat- 


title in general love change of paſture, and 


none do fo more than ſheep. 

The yard ſhould be covered with good 
mould, and upon that ſome ſtraw or dry 
fern, &c. by this means all the urine of 
the ſheep, as well as their dung will be 
ſaved; and theſe layers of mould and 
ſtraw may be repeated. A great deal of 
very valuable manure may be thus ob- 
tained, and will more enrich the land it 
is laid upon, than winter folding it. 

The downs, heaths, &c. for ſheep- 
walks, is of little value, otherwiſe than 
for providing manure to the other lands 
of the farm: for it is reckoned by the 
moſt {ſkillful huſbandman, that an acre of 
ſuch poor land will maintain but one 
ſheep, and that during the ſummer only: 


ſome indeed have ſtated two ſheep, and 
others 


Or MANURES. 179 


other three to an acre; but this muſt be 
for very ſmall ſheep, or better land than 
common heath or downs. The late emi- 
nent huſbandman, Sir Digby Legard, 
ſpeaking of the Yorkſhire wolds, ſays, 
« Our farmers ſtock nearly in this pro- 
portion, viz. a ſheep for every acre; a 
flock of five hundred ſheep requires a 
ſheep-walk of five hundred acres, be- 
ſides a winter's ſupply of fodder. Theſe 
ſheep are ſmall], and when fat, weigh 
twelve or fourteen pounds per quarter ; 
the fleeces weigh three pounds at a me- 
dium, which is ſcarce worth two ſhil- 
lings. Of the five thouſand acres (be- 
longing to that gentleman) unincloſed, 
upon the high wolds, there may proba= 
bly be about five hundred acres in tillage. 
The value of the wool may be about five 
hundred pounds. I ſay nothing of the 
value of near one thouſand lambs bred 
every year, nor of the enereaſing value of 
the weathers and hogs, becauſe the win— 
ter ſuſtenance of the flock will be at leaſt 
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| an equivalent to the profit on thoſe arti- 
cles. The winter-keeping of the ſheep 
will coſt two ſhillings and fix pence per 

head; and it is but too true, that the 

open wolds produce neither hay nor tur- 

nips. The ſheep-fold is the only manure 

we have to depend on. Pigeon's dung is 

very powerful, and eafily tranſported, but 

we cannot get enough of it to enrich 

much land. I keep about five hundred 

ſheep, and can fold from May-day to 


Michaelmas thirty acres twice over.” 
According to this proportion, the ma- 
nure raiſed from 8 + acres of the wolds, 
is ſufficient for but one acre of the arable 
land once folded ; or if folding twice over 
is neceſſary, as it appears to be for this 
poor land, then one acre requires all the 


manure raiſed in five months, from 16 = 
acres of the unincloſed wolds. 

Again, the winter-keeping of the flock, 
coſt two ſhillings and fix pence per head 
in Yorkſhire, where fodder is at a much 


lower price than in the more ſouthern 
coun- 
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counties. Now, if it is conſidered, that 
the expence of winter- keeping is repeat- 
ed every year, till the ſneep are ready to 
be fattened or ſold, together with the 
expence of a ſhepherd, caſual charges 
and loſſes, it will appear, that the profits 
of the flock, and of the wolds, downs, 
&. neceſſary for their keeping, conſiſts 
principally, if not wholly, in what ad- 
vantage can be made of the manure. 
More advantage, it is true, may be made 
by large ſheep, but theſe cannot be main- 
tained upon ſuch poor land. 

Conſidering therefore the hazard of 
winter-folding, that it may occaſion the 
loſs of ſome of the flock, and endanger- 
ing the whole by the rot, and other con- 
tageous diſtempers, it is much the ſafeſt 
way, and the moſt profitable for the 
farmer, to houſe his ſheep in winter as 
above-mentioned ; by which he may be 
almoſt certain of preferving his flock in 
health, and high condition, and collect- 
ing a large quantity of excellent manure, 
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| Beſides the ſingle manures, the farmer 
may have great advantage from compoſts ; 
which, when they conſiſt of proper ma- 
terials, and are ſkillfully mixed, he may 
ſafely depend upon. Where a variety 
of materials can be had, they may be 
laid as follows; firſt, clay or ſtrong earth, 
next ſoap- aſhes, dung, loamy-earth, 
lime, tanners-bark, green vegetables be- 
fore they run to ſeed, earth, ſoap-aſhes, 
dung, tanners-bark, earth; or as many 
of theſe as can be got: alſo fat-chalk, ſea- 
weeds, ſea-ſand, and ſeveral others; 
which may be ſo mixed, as not only to 
raiſe a general fermentation throughout 
the whole compoſt; but likewiſe to ſuit 
the nature of the land on which it is in- 
tended to be laid. The common way is 
to lay the ſeveral materials in layers, one 
over the other, till a large heapis raiſed ; 
and it is adviſed by ſome authors, and the 
practice of many farmers is, to make theſe 
layers from fix inches to a foot in thick- 


neſs: but this I have found by experi- 
ence. 
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ence is entirely wrong. For the fermen- 
tation raiſed in the compoſt, is not ſtrong 
enough to penetrate theſe thick layers, eſ- 
pecially thoſe of clay or ſtrong earth: for 
after the reſt have ſufficiently fermented, 
and the compoſt is turned, theſe layers 
riſe whole almoſt as when firſt laid, and 
muſt be broke by hand to mix them with 
the reſt of the compoſt; whence ariſe two 
inconveniencies, one, an extraordinary ex- 
pence of labour, and the other, that twice 
or thrice turning is ſometimes neceſſary 
to diſſolve theſe large pieces; and as a 
new fermentation is excited every time 
the compoſt is turned, the ſtrength of the 
manure is greatly waſted, before it is laid 
upon the land, where it is then incapable 
of raiſing any conſiderable fermentation, 
which is one of the principal uſes of 
manure. 

The beſt way therefore of making com- 
poſts, is not in thick layers; but after the 
ground is, marked out for the compoſt, 
the ſeveral materials, after being well 
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broken, ſhould be laid in, heaps round 
the ſpace marked out for the compoſt 
heap; and a man placed between each 
two heaps, to throw the manure ſpread- 
ing upon that ſpace; In this manner the 
compoſt heap will ſoon be raiſed to the 
intended height, and the ſeveral ſorts of 
manure being thus well mixed, the whole 
will ſoon begin ta ferment, and will in- 
corporate as fully in two months, as the 
ſame manures placed in layers in the uſual 
way, will in four or five, The owner 
therefore in making ſuch compoſts, ſhould 
not prepare them too long before they are 
to be laid upon the land ; otherwiſe they 
will be much waſted, and their beſt parts 
evaporated. 

Compoſts prepared in this manner need 
not be turned, or at moſt above once, If 
the fermentation is obſerved to abate too 
ſoon, make holes with a pole, from the 
top almolt to the bottom of the heap, 
upon which throw urine, or the running 

fa dunghill, which will fill the holes, 
force 
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force through the whole ſubſtance of the 
compoſt, and ſoon complete the fermen- 

tation. | | 
Such a compoſt, by duly proportioning 
the ingredients, may be made to ſuit any 
ſort of land, and is excellent for meadow 
or paſture grounds. The beſt way to 
improve theſe, is to cut them about five 
or fix inches deep with the five coultered 
cutting plough, or ſcarificator, which 
cuts the ſurface in flips about three inches 
alunder, but does not raiſe or turn them. 
This cutting of the roots of the graſs, 
and the manure laid on at the ſame time, 
ſinking into theſe inciſions made by the 
coulters, cauſes a ſurpriſing imprevement 
in the quality of the herbage, and alſo 
makes ſuch graſs-grounds produce three 
times the quantity they did before. But 
here it is to be noted, that cutting the 
ground firſt, and then laying on the ma- 
nure, makes a greater improvement than 
manuring firſt and then cutting ; and 
both are ſuperior to manuring and not 
cut- 
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cutting ; all which have been proved by 
accurate experiments. The cutting 
plough is uſed with great ſucceſs .upon 
clay-grounds, loams, and gravels ; but in 
ſtony grounds, the coulters are apt to be 
thrown out of their work by the ſtones : 
and therefore it is not proper to uſe the 
cutting-plough where ſtones abound. 

In ſuch compoſts, where it is intended 
to uſe a large proportion of earth, that 
lies at a conſiderable diſtance from. the 
homeſtead, to ſave the double carriage of 
it to and from the compoſt heap, the 
dung and other materials may be carried 
to a headland of the field to be manured, 
and there mixed into a compoſt. 

The beſt ſituation for a compoſt, is 
upon level ground; or if made upon a 
deſcent, a trench ſhould be cut on the 
lower fide to receive the running of the 
heap, which is ſome of the beſt part of 
it, and ſhould from time to time be 
thrown up again, which will quicken the 


fermentation, | 
The 
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The richeſt compoſts may be made in 
the farm- yard, which ſhould he made 
deepening all round, from the ſides to 
the middle, in form of a hollow diſh or 
baſon. When the yard is made up in 
this form, none of the urine or liquid 
part of the manure can run off or be 
waſted. When the dung is carried from 
the ſtables, cow-houſes, &c. into the 
farm- yard, they ſhould not be thrown 
cateleſsly in heaps, each ſort by itſelf, but 
carried in carts or wheel-barrows, and 
laid regularly, and ſpread all over the 
yard ; upon this ſhould be ſpread a thin 
layer of earth, mud, the ſcowerings of 
ditches and ponds, green vegetables be- 
fore they run to ſeed, and other ſuch ma- 
terials as are molt ſuitable to the nature 
of the land to be manured with them. 
The racks and cribs, out of which the 
cattle are foddered, ſhould be frequently 
moved over the yard, that the offal, 
ſtraw, and hay may be equally diſperſed, 
and trod in by the cattle. This method 
of 
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of ſpreading the dung and other mate- 
rials being continued, the whole will be 
incorporated with the urine of the cattle, 
and make an extraordinary rich compoſt, 
Before it is carried to the land, throw it 
up in heaps in the yard, and what drains 
from them will remain in the yard, and 
none of it will be loſt. N 

The only inconveniency of this kind 
of compoſt, is its being filled with the 
ſeeds of weeds, from the earths mixed 
with it, and the hay, ſtraw, and dung 
of the cattle: and is therefore a ma- 
nure beſt ſuited to graſs- grounds, and 
to ſuch arable lands as are to carry orops 
to be hoed, as turnips, cabbages, carrots, 
potatoes, beans, &c. as theſe weeds will in 
great meaſure be deſtroyed by good hoeing. 

It is common with farmers to uſe ſe- 
veral ſorts of fine or powdered manures 
ſingly; as ſoot, malt-duſt, rape-duft, 
peat and turf-aſhes, ſaw-duſt, lime, kelp 
and fern-aſhes, pigeon and rabbets dung, 


&c. but it is ſtill better to mix, as by 
6 ſifting 
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fifting or ſcreening, as many of them toge- 


ther as can be conveniently procured. 
Theſe make excellent hand-dreſſings for 
graſs-lands, and clover, ſainfoin, and lu- 
cern; alſo for wheat in the ſpring, tur- 
nips, and other crops; in all which they 
make a quick improvement. 'They reco- 
ver crops that are drooping, and carry on 
others to perfection: for theſe dreflings 
may be repeated ſeveral times in a ſeaſon, 
at a ſmall expence. The carriage is a 
trifle, and the trouble is only to ſow it 
by hand over the crops. This is a very 
convenient manure, that may be uſed 
when none other can. The hard ma- 
nures, kelp and fern-aſhes, and alſo ſhells 
ſhould be beat ſmall and fifted; which the 
owner may have done for about a penny 

per buſhel. This manure is particularly 

valuable in another reſpect. It does not 

make the land foul: for there are no ſeeds 

of weeds in it. Common ſalt has long 

been ſuppoſed to be a good manure, but 

the high duty upon ſalt prevented the far- 

mers 


- — — 132 — m4 8. — — — * 
— - - — — — 2 — * — — _ ws 
2 ng ——— - Lr — 
Love at Mn REI EE ant "nh hows R : 2 pe - * *» 5 2 oa” * r * 


— r Pe — > 2 


2 
——— 5 


199 Or MANU RES. 


mers making uſe of it. This objection 
is now removed; for by an act paſſed the 
eighth of his preſent majeſty, for the en- 
couragement of agriculture, the duty is 
taken off foul ſalt, which is to be had at 
the ſalt- works, and is now ſold in Lon- 
don, at four ſhillings per hundred weight, 
and by the ton at three pounds ten ſhil- 
lings. It has not, I believe, been aſcer- 
tained what is the proper quantity to be 
uſed upon land; but by the account of 
the ſellers of this ſalt in London, the 
quantity for arable land, is between two 
and three hundred weight per acre; and 
for lawns and graſs-walks ſhould be 
ſown pretty thick, which will enliven 
the verdure. Sea-ſalt is however of ſo 
fiery a quality, that it is moſt adviſe- 
able to begin with a moderate quan- 
tity, upon every ſort of land, as the 
quantity may be encreaſed at pleaſure, 
when the effect of it is known. 
Many farmers are of opinion, that the 
land is apt to tire of one ſort of manure, 
8 long 
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long and often repeated, but here there is 
no danger of that. The whole is cor- 
rected by the variety in the mixture; and 
this manure is ſuitable to all ſorts of land, 
or may be adapted to any, by varying the 
mixture. 

Before I conclude, I ſhall take notice 
of ſome new manures propoſed by Dr. 
Hunter, a gentleman to whom the public 
is obliged for his attention to improve- 
ments in agriculture." In conſequence 
of his opinion, that plants are chiefly 
nouriſhed from oily particles, he has pro- 
poſed a manure which he calls; the oil 
compolt, and directs it to be made in 
the following manner. 


« Take north American pot- JI. s. d. 
aſh twelve pounds, coſts — 0 4 0 
break the ſalt into ſmall pieces, 
and put it into a convenient 
veſſel, with four gallons of wa- 
ter. Let the mixture ſtand for- 
ty-eight hours, then add coarſe 
train oil, fourteen gallons — o 14 © 
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In a few days the ſalt will be diſſolved, 
and the mixture, upon ſtirring, will be- 
come nearly uniform. 

« Take fourteen buſhels of ſand, or 
twenty of dry mould ; upon theſe pour 
the above liquid ingredients. Turn this 
compoſition frequently over, and in fix 
months it will be fit for uſe. | 

«© When the liquid ingredients are put 
to one or two hogſheads of water, a liquid 


' compoſt will be formed, which muſt be 


uſed with a water-cart. 

J apprehend, that the above quan- 
tity will be found ſufficient for an acre; 
my trials, however, do not give me ſuf- 
ficient authority to determine upon this 
point. 

The oil-compolt is only intended to 
ſupply the _place of rape-duſt, ſoot, 
woollen-rags, and other expenſive hand- 
dreſſings. It is in all reſpects inferior to 
rotten dung: where that can be obtained, 
every kind of manure muſt give place 
to it. 


« My. 
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« My experiments teach me, that all 
kinds of ſoils may be benefited by this 
manure. The lime-ſtone, gravelly, ſandy, 
and chalky ſoils ſeem to require it moſt, 
The rich loams and good clays have 
nouriſhment within themſelves, and ſtand 
more in need of the plough than the 
dunghill.” 

The doctor likewile very juſtly cecom- 
mends as a rich manure, the refuſe of 
train-oil, viz. what remains after the oil 
has been got from the whale-blubber by 
boiling water, and has hitherto been 
thrown away. No manure, ſays he, has 
hitherto been found of a richer quality 
than the putrid offal of fiſh. In ſome 
parts of Cornwall, they manure their 
lands with pilchards, in a plentiful ſea- 
ſon, and find that no manure equals 
them in richneſs.” 

Another very good compoſt recom- 
mended by this gentlemen, is made as 
follows; take a ſufficient quantity of 

O 


ſaw- 
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ſaw-duſt; incorporate with it, the blood 
and offal of a ſlapghtec-houſe, putting a 
layer of one and a layer of the other, till 
the whole becomes a moiſt and fetid com- 
poſition. Two loads of this compoſt, mix- 
ed with three loads of earth, will be 
ſufficient for an acre of wheat or ſpring 
corn. Being a kind of top-dreſling, it 
ſhould be put on at the time of ſowing, 
and harrowed in with the grain. If the 
1 ſmell of this compoſt ſhould be offenſive, 
1 it may be prevented by ſprinking quick- 


lime between the layers, when the com- 


| poſt 1s made. 
= All theſe are very good manures, and 
= the only objection to them, is, that they 
cannot be of general uſe, being to be had 
: only in particular places. 
'Y I have ſaid nothing of liquid manures, 
to be ſpread upon land with a water-cart, 
as a top-dreſſing; as the powdered ma- 
nures above-mentioned anſwer the ſame 
i purpoſe with advantage. The liquid 
1 manures 
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manures require a water- cart, and to be 
drawn by a horſe, which is prejudicial 
to the land, and the hot quality of them 
injurious to the tender young plants. 
The powdered manures do no hurt in 
this reſpect, if ſown upon the crop” in 
dry weather, and the firſt ſhower of rain 


waſhes them down to the roots of the 


plants, the good effect whereof is ſoon 
perceivable from the flouriſhing ſtate of 
the crop. 
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ſaw-duſt; incorporate with it, the blood 
and offal of a ſlapghtet-houſe, putting a 


layer of one and a layer of the other, till 


the whole becomes a moiſt and fetid com- 
poſition. Two loads of this compoſt, mix- 
ed with three loads of earth, will be 
ſufficient for an acre of wheat or ſpring 
corn. Being a kind of top- dreſſing, it 
ſhould be put on at the time of ſowing, 
and harrowed in with the grain. If the 
ſmell of this compoſt ſhould be offenſive, 
it may be prevented by ſprinking quick» 
lime between the layers, when the com- 
poſt is made. 

All theſe are very good manures, and 
the only objection to them, is, that they 
cannot be of general uſe, being to be had 
only in particular places. 

I have ſaid nothing of liquid manures, 


to be ſpread upon land with a water-cart, 


as a top=drefling ; as the powdered ma- 
nures above-mentioned anſwer the ſame 


purpoſe with advantage. The liquid 
manures 
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manures require a water- cart, and to be 
drawn by a horſe, which is prejudicial 
to the land, and the hot quality of them 
injurious to the tender young plants. 
The powdered manures do no hurt in 
this reſpect, if ſown upon the erop in 
dry weather, and the firſt ſhower of rain 
waſhes them down to the roots of the 
plants, the good effect whereof is ſoon 
perceivable from the flouriſhing ſtate of 
the crop. 
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The principal drill-ploughs hitherto male, — 

Of Mr. Tull's adrill-plough; a general 
deſcription of it.—Improvement of it by 
the author.—Of the other principal drill 
ploughs, and their defects. — Deſcription 
of a new and important improvement of 
Mr. TulÞs drill-plougb.— The barrel- 
drill improved, and made a general inſtru- 
ment; to ſow. all feeds, and dt any diſ- 
tance, —Of drilling corn for horſe-hoeing, 
hand-hoeing, and cloſe drilling not tos be 
Boeu.—Objections to drilling an ſiwered. — 
Experiments of drilling and band. hoeing of 
wheat, —FExperiments by Mr. Tull of 
horſe and hand-hoemg of wheat.-- His im- 
provements of the hoeing huſbandry.—T he 
Succeſsful practice of the hoeing huſbandry 
exemplified. The experices and profits of 
that huſbandry.—Several obectians to the 
Boing culture conſidered and anſwered.— 
Of the alternate huſbandry. — The produce 
and expence of this method compared with 
the hoeing culture.—The ancient method 
of alternate cropping and ſallowing.— Ex- 

amples of this culture. — The ſame cams 

pared with the alternate and hoeing culture. 
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— 


f E moſt intelligent huſbandmen 
| have long been of opinion, that 
the common method of ſowing corn and 
other ſeeds with the hand, or broad caſt, 
was attended with conſiderable loſs in 
the waſte of ſced, and often an injury to 
the crop, by the irregular diſtribution of it; 
which in promiſcuous ſowing is unavoid- 
able, as the ſeed cannot in that manner 
be laid at equal diſtances, | nor at any 
certain depth; but were obliged to con- 
tinue that practice, not knowing any 
way of diſtributing the feed more equally; 

It is above a century ago, that ſome 
attempts were made, to invent an inſttu- 
ment for planting the ſeed in a regular 


manner; and hence the Spaniſh ſembra- 
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dor, Platt's ſetting-ſlicks, and Worlidges* 
propoſed drill-plough, the laſt of theſe 
was never brought into practice, and the 
others were found inadequate in the per- 
formance. The firſt inſtrument that re- 
ally anſwered in practice, was the drill- 
plough invented by the famous Tull, 
with which, for a long courſe of years 
he planted fainfoin, peaſe, wheat, barley, 
oats, and turneps. 

He adapted his drill to plant wheat in 
double rows, upon ſmall ridges about 
four feet eight inches broad, for the pur- 
poſe of horſe-hoeing the intervals between 
the double-rows ; the narrow partitions 
between the rows on the tops of the 
ridges, which were ten inches aſunder, 
he cleanſed from weeds by the hand-hoe, 
and the rows were hand-weeded. As 
the ſtaple of all forts of land is full of 
the ſeeds of weeds, this accurate tillage 
greatly encourages them to grow, and 
unleſs they are carefully eradicated before 
they run to ſeed, they multiply, and 
2 2 | greatly 


: 
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greatly damage the crop; for this reaſon 
he made his land very clean at firſt, and 
before he began drilling it, by good fal- 
lowing and. hoed crops of turneps, and 
afterwards kept it ſo by hoeing and 
weeding ; till at laſt he ſays, p. 274. 
„The ſame ſix | ſcore acres. that was 
wheat the laſt year, is planted with wheat 
now, and is all of it as ſtrong, and likely 
for a good crop, as any of the former 
years, though there is but about ane.acre 
of it dunged. The whole of it is the 
freeſt from weeds before hoeing that ever 
was ſeen, and the ſown wheat in the 

neighbourhood the fulleſt of them.“ 
The ridges to be drilled are made 
ſtreight, and all of an equal breadth, the 
tops of the ridges ſhould be made ſmooth 
by a couple of light harrows faſtened to- 
gether with a pole, the horſe that draws 
them walking in the furrows between the 
ridges. This done, the drill-plough 1s 
drawn by a little horſe, along the middle 
of each ridge, where it opens two chan- 
nels 
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nels about two or three inches deep, and 
ten inches diſtant, into which it delivers 
the ſeed, and covers it. In this manner 
it plants fix or ſeven acres a day, with 
about three pecks of ſeed per acre, but if 
planted early upon good land, about two 
pecks per acre is ſufficient, 

Few farmers can believe, that two or 
three pecks of ſeed-wheat will produce 
as good a crop per acre, as ſo many 
buſhels ſown broad-caſt, Or that two 
rows upon a ridge of four fect eight or 
nine inches broad will produce as much 
as the whole ridge covered with plants, 
not conſidering the number of tillers that 
ſpring from the drilled, more than from 
the broad-caſt ; the large ſize of their 
ears and grains, and the great number of 
grains in the ears; for an encreaſe of ten 
or twelve buſhels for one ſown broad=caft 
is reckoned a very good crop, whereas 
the drilled often produces thirty, forty, 
er fifty times as much as the ſeed planted. 


To 


Ox DRILL-SOWING. 203 

To give a general idea of the ſtructure of 
this inſtrument, Pl. IT. fig. 1. is Mr. Toll's 
dril!-plough, with his lateſt improve- 
ments, a, 5, c, d. is a plank, to which the 
ſhafts, e, f, are faſtened, and by theſe the 
horſe draws the whole machine, the rings 
at the ends of his traces being put upon 
the hooks at J, . The ſpindle g, E, is 
drawn by the two double ſtandards fixed 
into the ends of the plank, and the two 
wheels and ſpindle turn round together. 
The ſpindle is in three pieces, grafted to- 
gether at mend z, fig. 2. and the middle 
oraft mm, u, has two ſets of notches cut 
in it, at o and P, each ſet has ix notches 
cut in it round the ſpindle, at equal diſ- 
tances, m, u, fig. 1. is the hopper, made 
to hold about two pecks of ſeed, half at 
each end, the hopper being divided in the 
middle by a board. The hopper is held 
to the plank, and drawn along with it by 
the ſtandard a, which paſſes through a 


latch behind the hopper. To the bottom of 


the hopper the two ſeed· boxes are faſtened. 
Theſe 
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Theſe have large round holes in them to 
receive the ſpindle, which turning round 
with the wheels, the notches lay hold of 
the ſeed, that falls from the hopper into 
theſe boxes, and bring it down in equal 
proportions, and it falls from the ſeed- 
boxes, cloſe to the backs of the two 
ſhares gg, till it reaches the bottom of the 
channels, in the ground juſt opened for it 
by the ſhares. The rope r, t, at the fore- 
end of the ſhafts, goes over the cart-ſad- 
dle, and has a ſmall chain with a hook at 
one end of it, , by ſhifting the links of 
the chain upon a hook faſtened in the 
ſhaft, at s, the ſhafts are raiſed or depreſſ- 
ed, which regulates the depth of the 


ſhares in the ground, and makes the ſeed- 


channels deeper or ſhallower at pleaſure. 
The harrow u w, is faſtened to the 
hinder end of the plank, and moveable at 
* and y. In the harrow are two tines 
t and 7, which are ſome inches farther 
aſſunder than the ſeed-channels. Theſe 
tines raiſe and turn the mould into the 
channels, 
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channels, which covers the ſeed, and 
finiſh the operation. 

This drill-plough performs very well, 
in land brought into good tilth as I have 
experienced. There is, however, ſcarce 
any mechanical invention that does not 
admit of ſome improvement. Moſt of 
Mr. Tull's land was a light foil, and he 
made his drill ſuitable to it, very light 
and eaſily drawn. In ſtronger land, a 
drill-plough of greater ſtrength is more 
convenient, and indeed neceſſary ;- and 
likewiſe ſome contrivance to manage and 
guide it ſteadily. To anſwer theſe pur- 
poſes I made ſome alterations, particularly 
the following. | 

The long ſhafts are taken away, and 
in their room are put two ſtrong ones, or 
ſides- pieces, extending about as far for- 
ward as the croſs bar pp, and the 
fore ends elevated as high, (i. e. as the 
croſs bar was before); thoſe have each a 
hook at the fore- end, upon which are put 
the rings of two hempen traces, by which 
the horſe draws the drill. Two handles, 
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like thoſe of a common plough are like- 
wile fixed to the hinder part of the plank, 
which ſerve to guide the drill, and to re- 
gulate the depth of the ſeed channels: 
by leaning upon the ends of the handles 


the ſhares are made to go deeper, and the 


contrary if the handles are raiſed. 

If the land when drilled is dry and 
fine, the mould will run into the chan- 
nels and cover the ſeed with little or no 
harrowing ; but two iron tines are com- 
monly uſed in the harrow, and more if 
the land is rough; for the ſeed, ſhould be 
all covered, and the harrow is fixed and 
docs not extend fo far behind the drill, 
as in Mr. Tull's. His harrow was made 


moveable, that the tines might riſe over 


any clods that happened to lie in their 
way. But by their riſing, ſome part of 
the ground is miſſed by the harrow, and 
the ſeed left uncovered. To remedy this, 
he ſometimes loaded the hinder part of 
the harrow with a ſtone at 2; but this 1s 
not neceflary when the harrow is fixed, 

6 by 
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by which means, and the conveniency of 
handles to guide the drill, the clods are 
broke by the tines, or turned aſide. 

A perſon who underſtands the fabric 
of his drill ſeed-boxes, can ſet it by his 
eye, ſo as to deliver nearly the quantity 
of ſeed he intends to ſow upon an acre ; 
but at firſt it is neceſſary to adjult it, be- 
fore he begins drilling. 

A ſtatute acre is forty perches in length 
and four in breadth, five yards and a halt 
to the perch; and the area is one hund- 
red and fixty ſquare perches. Now as 
there are fourteen of Mr. Tull's ridges 
in the breadth of an acre, or four perches, 
and two rows of wheat planted upon each 
ridge; in the breadth of an acre there- 
fore there are twenty-eight rows, each 
row forty perches, or two hundred and 
twenty yards long, which, if planted with 
ſix gallons of ſeed, at 7 pounds per gal- 
lon, is forty-five pounds of ſeed to all the 
twenty-eight rows, and one pound and 
ncar ten ounces of ſeed to each row, 

three 
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three pounds four ounces to the double 
row. 

To adjuſt the ſeed- box to ſow this 
quantity, procced as follows. Upon ſome 
level ground ſet up a mark, and place the 
drill there, having filled the hopper about 
half full of the wheat to be planted; from 
the drill-meaſure ſtreight forward eight 
perches, or forty- four yards, and there 
ſet up another mark. Then drawing the 
drill gently forward, from the firſt to the 
ſecond mark, the notches in the ſpindle 
will turn out the ſeed as the drill goes 
on, which is to be received in two 
ſmall bags or boxes placed under the ſeed- 
boxes for that purpoſe ; and when arrived 
to the ſecond mark weigh the ſeed thus 
ſaved ; and if each box has delivered 5 4, 


or near five ounces and a quarter, the 


boxes are ſet right, and need no altera- 
tion. For 5 + ounces of ſeed delivered 
in eight perches length of rows, is nearly 
forty-five pounds to all the twenty-eight 
rows; which was the quantity propoſed 

to 
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to be planted. But if the quantity deli- 
vercd by one or both the boxes is wrong, 
open or contract the ſeed-paſſages a little 
by the regulating ſcrews, and draw the 
drill from the ſecond to the firſt mark, 
and weigh again what ſeed is turned out; 
by a very few trials made in this manner, 
the ſeed-boxes will be adjuſted to the 
quantity required. | 

This may appear troubleſome at firſt, 
but will become eaſy by a little practice, 
and the advantage is very conſiderable, 
J have drilled fields of five or fix to above 
twenty acres, with wheat, barley, oats, 
and peaſe, and adjuſted the drill ſo near, 
that the ſeed remaining over and above 
the intended quantity, has not exceeded 
half a buſhel in drilling twenty acres ; 
and nearly in proportion in drilling ſmaller 
fields. 

The quantity, indeed, would not al- 
ways have been ſo exact, from the firſt 
adjuſting of the drill; but there is an- 
other circumſtance that contributes to it. 


P The 
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The hopper being divided in the middle 
with a board, the driller may ſee at all 
times whether the two ſeed-boxes deli- 
ver the ſced equally, by the equal empty- 
ing of the two diviſions of the hopper; 
and if they do not, they are preſently 
adjuſted by the regulating or ſetting 
ſcrews... 

Another way of drilling wheat and 
other kinds of grain, is upon level ground, 
or broad ridges, in rows about twelve 
inches diſtant, and hand-hoed. Moſt 
farmers much prefer this method to 
horſe-hoing ; and in general it produces 
better crops than the broad-caſt, and the 
hoeing cleanſes the lands from weeds, and 
much improves it for the ſucceeding crop. 
The ſaving of ſeed is a great advantage 


in this method alſo; for a buſhel of 


wheat is ſufficient to ſow an acre. 
But in this manner of drilling, the 
drill-plough with only two ſhares is not 


convenient; requiring too much time to 


plant any conſiderable extent of land, 
with 


Ox DRILL-SOWING:. 211 


with but two rows each draught, and ſo 
near together as twelve inches. A drill 
that ſows four rows at once is the moſt 
proper, and for this four ſeed- boxes, and 
the ſame number of ſhares are neceſſary. 
As this drill ſows only four feet breadth 
of ground at once, it does not plant fo 
much land as that for horſe-hoing, by 
above an acre a day, but ſhould not be 
made to plant more than four rows at 
that diſtance; for it is found inconvenient 
in practice, to drill a greater breadth of 
level ground at once than four feet. 

In planting wheat to be horſe-hoed, 
the driller cannot miſtake the diſtance of 
the rows, the ridges being his guide in 
that reſpect, and in making the rows 
ſtraight. Butin drilling upon level ground, 
he muſt have ſome marks to dire& him, 
to make the parting-ſpace between every 
four rows, a foot wide all the way, the 
ſame as the ſpaces between the rows made 
by the drill. The wheels ſerve for this 
purpole ; for being made to ſlide upon 
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the ſquare ends of the ſpindle, which Has 
ſeveral holes bored through them; and the 
wheels, being ſet to the proper diſtance, 
are confined there by two ſmall iron pins, 
one at each end, made long enough to 
paſs through the ſpindle and iron ſtock- 
bond of the wheel. 

To place the wheels for marking, they 


ſhould be ſet twice as far aſunder as the 


breadth of the land planted by the drill. 
Thus in the preſent caſe, the drill plants 
a breadth of four feet; and therefore the 
wheels ſhould be ſet at the diſtance of 
eight feet, each wheel four feet from the 
middle of the drill; which being drawn 
along, the wheels make two ſmall im- 
preſſions upon the ſurface of the ground, 
upon one of which the horſe walks in re- 
turning, and drawing the drill directly 
after him, four more rows are planted, 
whereof that next the firſt planted will 
be twelve inches diſtant from it, and thus 
every turn, the horſe-path is upon the 
preceding mark of the wheel ; and in this 

manner 
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manner the whole field will be drilled in 
rows ſo nearly equidiſtant, that the part- 


ing-ſpaces are ſcarce diſtinguiſhable from 
the reſt. 


If the land is dry, as ſoon as it is made 


pretty fine by the harrowing, draw a light 
roller over it to break the ſmall clods, 
and then the impreſſions made by the 
marking- wheels will be plainly ſeen; or 
harrow the field the laſt time acroſs the 
intended track of the drill, and in this 
way alſo the wheels will make a viſible 
impreſſion, ſufficient to guide the horſe ; 
which they will not do, if the drill is 
drawn in the ſame direction as the laſt 
harcowing. 

The twelve inch ſpaces muſt be hand- 
hoed : if hoed the firſt time early in the 
ſpring, twice is generally ſufficient ; and 
ſometimes but once, if hoed late. But 
the number of hoeings are to be ſuch as 
to keep the land clean, and there is no 
loſs, but the contrary, in giving the land 
a hocing extraordinary, though there are 
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but few weeds in it. But if the rows are 
drilled at the diſtance of twenty or twen- 
ty-four inches, the intervals may be hoed 
deep with a hoe made on purpoſe, and 
drawn by a horſe; and the rows ſhould be 
earthed up on both fides at thelaſt hoeing. 
This will likewiſe produce a good crop, 
and at a leſs expence than hand-hoeing. 
There is another method of drilling 
upon level ground, that does not require 
any hoeing. The rows are about ſeven 
inches diſtance, and if the land is very 
clean, may be eight inches aſunder. 
When wheat is drilled in this manner, 
and advances in the ſpring, the rows ſpread 
and meet, and keep down the weeds. A 
buſhel of wheat ſows an acre; and the 
crop 1s generally ſuperior to that ſown 
broadcaſt on the ſame land, with the uſual 
quantity of ſeed. 

A drill to ſow in this manner ſhould 
have five or fix ſhares, and plant ſo many 
rows at once: but the ſhares ſhould be in 


two ranks to ſow the rows ſo cloſe as ſeven 
WI | | inches, 
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inches, otherwiſe they will drive the 
mould in heaps, and obſtruct the regular 
ſowing, unleſs the land is extraordinary 
fine and clean. This method of planting 
is called cloſe- drilling, and is proper for 
wheat, barley, and other grain: I have 
drilled barley in this manner with ſucceſs, 
But barley is not fit to be ſown in wide 
diſtances, that require either to be horſe 
or hand-hoed ; becauſe the hoeing cauſes 
it to throw out many tillers or branches, 
at difterent times throughout the ſummer, 
and then the barley ripens unequally, the 
late tillers being green at harveſt when the 
reſt of the crop is ripe, which leſſens the 
value of it at market, as it is not fit for 
malting. This misfortune happens ſome- 
times to barley ſawn broadcaſt, particular- 
ly to ſuch as is ſown in a very dry ſeaſon ; 
for then the grains that happen to lie 
deepeſt in the ground ſpring up without 
rain; but ſuch as lie near the ſurface do 


not till rain comes, The firſt by this 
means gets a-head of the other, ſometimes 
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ſeveral weeks, and in that caſe the crop 
is never all ripe together, but is what the 
farmers call edge-growed, and when this 
happens is a great loſs to them. There 
is beſides another inconveniency in it, the 
unripe part of the crop, is apt {ome years 
to ferment in the ſtack or barn, and then 
the whole is mow-burnt. This is to be 
underſtood more particularly of barley 
that has no clover among it, and where 
it grows rank, and 1s reaped. 
In the latter part of Mr. Tull's prac- 
tice, he made his drill- boxes of braſs, 
which is beſt ; but boxes made of box 
or other cloſe hard wood do very well, 
and are cheaper than braſs, The middle 
graft of the ſpindle of the drill-plough, 
in which the notches are cut, ſhould be 
made of ſound dry heart of oak; the 


other two parts may be of quartered aſh, 
or beech. 


With the wheat-drills may be planted 
barley, : oats, rye, and ſuch ſized corn; 
alſo peaſe, vetches, buck-wheat, and 

ſain- 
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fainfoin. But larger boxes are neceflary 
to plant beans; and for turnep-ſeed, and 
other ſuch ſmall ſeeds, the boxes muſt 
be much ſmaller than thoſe for wheat. 
So that thoſe who would drill extenſively, 
ſhould have three different ſorts of drills, 
proper for planting the different ſized 
ſeeds above mentioned. 

Some who did not underſtand drilling, 
or were prejudiced againſt it, have ob- 
jected to the lightneſs of Mr, Tull's 
drill-plough, an objeQion that may be 
removed by the above-mentioned altera- 
tions, by attending to which, an inge« 
nious workman may ſo ſtrengthen every 
part, as ta make this drill-plough per- | 
form its work, with as little danger of 
being out of order, as ſome of the com- 
mon inſtruments of huſbandry. 

The difficulty of uſing the drill is an- 
other objection made to it; and it is ad- 
mitted, that the owner ſhould underſtand 
its fabric, ſo as to be able to repair, or 
put it in order, or direct a workman to 
_” 8 do 
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it, when any thing is amiſs: but in re- 
gard to the management of it in drilling, 
there 1s very little difficulty. A prime 
ſeedſman in the broad-caſt way, will not 
indeed, be eaſily prevailed with to uſe a 
drill; but any inferior ſervant employed 
about a farm, who has ſome ingenuity, 
and is tractable, will very ſoon learn to 
uſe it, as it puts him upon an equal 
footing with the beſt ſecdſman. I 
have taught ſome ſuch to uſe a drill- - 
plough, that in two days practice have 
been ſo expert in the management of it, 
as to go on very well without farther 
aſſiſtance; and the ſeedſmen, who be- 
fore lighted a drill-plough, ſeeing with 
what regularity it planted the ſeed, have 
defired to learn how to uſe it. 

Since the time that Mr, Tull publiſhed 
his huſbandry and inſtruments, ſeveral 
ingenious perſons have invented drill- 
ploughs of different conſtructions from 
his. One of the firſt was M. de Chateau- 
vieux, firſt ſyndic of Geneva, whereof Mr. 

Mills, 
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Mills, in his Hufbandry, has given cuts 


and a deſcription. It is a curious inſtru- 
ment, but complex and expenſive, and 
conſtructed to fow only three rows at 
ſeven inches diſtance. Mr. Mills has 
omitted to deſcribe Mr. Tull's drill, ſup- 
poſing it to be more complex than the 
other ; but by miſtake, he not being ex- 
perienced in the practice. 

About the ſame time another ſort of 
drill-plough was invented by M. du Ha- 
mel, called a barrel-drill, of which more 
afterwards. This drill has been intro- 
duced into Britain and Ireland, firſt by 
Mr. Craik, near Dumfries, in Scotland, 
a very ingenious practiſer of the new huſ- 
bandry, who has made ſome material 
improvements on Mr. du Hamels drill; 
and fince that, Mr. Wynn Baker has 
made barrel-drill, whereof the conſtruc- 
tion was taken, as I am informed, from 


Mr. Craik. 
Mr. Randall, of York, has invented 
another of a very different conſtruction 
from 
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from either of the former, the perfory 
mance of which I am unacquainted with. 
And Mr. Baldwin, of Clapham, in Surry, 
has conſtructed one upon the principles 
of Mr. du Hamel's, and to plant more 
rows at once. 

Theſe are the principal inſtruments 
for regular ſowing, that have come to 
my knowledge, all which are defective 
in one particular; they are limited to ſow 
at certain ſtated diſtances, from which 
they cannot be altered. I had a drill 
made to ſow fix rows at once at fix or 
ſeven inches diſtance, but that was like» 
wiſe confined to that © diſtance, from 
which it could not be altered ; but fince 
then, I have contrived a method, by 
which either Mr. Tull's, or the barrel- 
drill, may be made to plant from one to 
fix rows, and the rows from ſeven inches 
to four feet diſtance, whereof the fol- 
lowing 1s a deſcription. 

Plate II. Fig. 3. 4, 1, is a piece of ſound 


dry oak, perforated lengthways through 
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the middle, by a hole three quarters of 
an inch ſquare, upon which turn it in a 
lathe; the parts @ and ꝝ to be 14 inch 
diameter, or of a ſize to fit the hole of the 
drill-box. This round piece of oak re- 
preſents a portion of the middle graft of 
the ſpindle of Mr. Tull's drill-plough, 
with fix notches cut in it at o, the ſame 
form and fize exactly as in that ſpindle. 
The ſquare hole made through the mid- 
dle of the piece, is to receive an iron 
ſpindle s s, + of an inch ſquare to fit that 
hole, ſo as it may be moveable on the 
ſpindle end-ways, but not to turn round 
upon it. 

A hopper is to be made of elm or wal- 
nut-tree fix inches wide within, one way 
from 7 to m and eight inches the other; the 
bottom of the hopper to be of inch-board, 
and the fides of half-inch. The two 
fides 7, , are to be made deeper than the 
others, with holes in them for the ſpindle 
to paſs through at z, 1. The ſeed-box is to 
be the ſame as the ſeed-boxes of Mr. 


Tull's 
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Tull's drill, of brafs or box-wood, and 
faſtened with ſcrews and nuts to the bot- 
tom of the hopper, through which there 
is a hole made for the ſeed to paſs into 
the {eed-box. 

Ihe notches or piece of oak, a, u, be- 
ing put into the ſeed-box, and confined 
from mowing end-ways by the ſides of 
the hopper at , i, run the iron ſpindle 
through the ſquare hole of the notches, 
by turning which round, the ſeed will be 
brought down by the notches, and deli- 
vered into the ſeed-channel, cloſe to the 
back of the ſhare. Thus one hopper, 
and ſced-box are completed for ſowing 
ene row; and in the ſame manner fix of 
them are to be made, all to be put on the 
iron ſpindle; and as they are made ſepa- 
rate and independent one of another, and 
all to flide upon the ſpindle, they may be 
ſet to the exact diſtance required. 

The iron ſpindle is fix feet long, where- 
of 41 feet is for the ſeed-boxes and hop- 


pers to {ſlide upon, and nine inches at each 
end 
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end is to go into two round grafts of 
wood two inches diameter, and makes 
the whole length of the ſpindle about ten 
feet. To ſtrengthen the wooden grafts, 
and prevent their ſplitting, they have 
caps of iron as o, u, p, figure 4 and + 
inch ſquare holes at their ends, as at z, 
where the iron ſpindle enters; and the 
ends of the iron ſpindle are confined as 
at r, s, by two iron pins with ſcrews 
going through -them and the wooden 
grafts, and faſtened with nuts as at c. 
The other ends of the grafts are made 
ſquare, for the wheels\to go upon. 
When all the fix ſced-boxes and hop- 
pers are put upon the ſpindle, this drill 
ſows ſix rows at once ſeven or eight inches 
diſtant; but to ſow at greater diſtances, 
one or more of the hoppers are to be taken 
off, and then it will ſow them wider, but 
not ſo many rows. Thus ſuppoſe three 
are taken off, the three remaining will 
{ow three rows at ſixteen inches aſunder, 
or at any other diſtance from ſeven to 


ſixteen 
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faxteen inches. Four will ſow at any 
diſtance, from ſeven inches to twelve, 
&c. and the ſame drill will ſow double 
rows upon ricges for horſe-hoeing. 

To confine them to the diſtances in- 
tended, ſmall. iron ſtaples, or of wood 
like the carrier of a latch, as mm, m, m, 
fig. 4. are fixed to the back of the hop- 
pers, one about the middle of each box, 
or one above and one below in each; and 
'laths /, /, being thruſt through theſe ſta- 
ples, the boxes flide upon them, and are 
fixed to the proper diſtances, by ſmall 
ſcrews with T heads, as &, going through 
One or more of the ſtaples in each box: 
the ends of the ſcrews made flat and rough 

2s at e, and preſſing againit the laths, 
will confine the boxes from fliding. 
Theſe laths allo ſtrengthen the iron ſpin- 
dle, and prevent its bending. 

M. du Hamel's drill above- mentioned, 
conſiſts of a wooden barrel with three 
rows of holes round it, ſix or eight holes 
in each row; a ſpindle paſſes end- ways 

through 
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through the middle of the barrel, with 
a wheel at each end, A ſmall part of the 
barrel, near the whole length of it, turns 
upon a hinge, and opens to put in the 


ſeed, and is ſhut when the barrel is 


near full. It was made thus at firſt; 
but ſince Mr. Craik's improvement, the 
holes in the barrel are big enough to pour 
the ſeed through into the barrel. As the 
wheels turn round, they turn the ſpindle 
and barrel, and the ſeed drops through 
the holes cloſe to the back of the ſhares 
in the ſeed- channels made by them: but 
one great difficulty remained, viz. to re- 
gulate the ſize of the holes, fo as to diſ- 
charge the proper quantity of ſeed. 

This Mr. Craik has removed, by mak- 
ing the holes in the barrel large enough 
for many ſeeds to paſs through at once, and 
regulating the quantity by the moveable 
hoops of tin, made to ſurround the bar- 
rel, and cover the three rows of holes ; 
and theſe hoops having the ſame number 
of large holes in them, and at the ſame 

Q diſ- 
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diſtances as the holes in the barrel, by 
ſliding the tin hoops round, they cover 
the holes in the barrel and prevent 
any ſeed from running out of it; or by 
bringing the holes in the tin-plates, 
to thofe in the barrel, openings are made 
for the ſeed to paſs, larger or ſmaller as 
the driller finds neceſſary to diſcharge the 
intended quantity of ſeed. The quantity 
to be ſown upon ar acre being determin- 
ed, this drill is to be regulated to ſow that 
quantity, in the manner above deſcribed 
for Mr, Tull's drill. This is an excel- 
lenti mprovement; for by this contriv- 
ance, any quantity of wheat or other 
grain may be ſown; from one or two pecks 
to ſeveral buſhels upon an acre, And 
what greatly recommends this method 
fill farther, is, that this drill ſows ſeed 
of all ſizes from the largeſt beans to tur- 
nep- ſeed, both incluſive. Carrot ſeed 
may likewiſe be drilled with this inſtru- 
ment thus improved ; the carrot- ſeed be- 
ing firſt rubbed through a fine wire freve: 


to 


to take off the hairy ends of it; for with⸗ 
out that preparation the ſeeds ſtick fo to- 
gether, that they cannot be ſown very 
even, by any inſtrument, nor by hand: 
Mr. Tull's turnep-drill fows | ſuch' very 
light ſeed beft ; | becauſe the notches itt 
the ſpindles of his drills lay hold of the 
feed, and bring it down regularly, he- 
ther it be heavy or light; and in this reſ- 
pect his is ſuperior to all other dtills, 
that have any dependence for their re- 
gular ſowing upon the weight of the ſeed. 

This is plainly ſeen in the drill now 
under conſideration. M. du Hamel did 
not obſerve, that the ſeed run through the 
holes of the barrel unequally, viz. not fo 
faſt when it was full as when it was near 
empty. This the very accurate Mr. 
Craik diſcovered in uſing his barrel=drill, 
and that the ſeed run out floweſt when 
almoſt full, and gradually faſter as it 
emptied. He likewiſe invented a me- 
thod of filling the barre], whereby it was 
kept conſtantly ſo equally full, that this 
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inconvenieney was remedied ; to accom- 
pliſh which required, however; ſo much 
machinery, that the price of his drill is 
conſiderably advanced by it. Pl. II. fig. 


5. is the barrel<drill ; 1, 2, 3, 4; are flips 


or collars of tin«plate, made to ſlide in 


four ſhallow grooves or channels cut roatid 
the barrel; each plate has eight round 


equi-diſtant holes in it, about Half an 


inch diameter each, correſponding with 
round holes in the channels of the barrel, 


of the ſame ſize and number in each chan- 


nel. By fliding the tin-plates upon the 


barrel, the holes in them may be brought 


to ſtand againſt thoſe in the barrel, and 
then, in turning the barrel round, a large 
quantity of ſeed would be diſcharged, 


much more than is commonly neceflary ; 


and by ſliding the tin-plate, fo as to cover 


more or leſs of the holes in the barrel, 


more or leſs ſeed will be diſcharged: or 
the holes in the barrel may be wholly 
covered with the plates, and then no feet 


vill ruu out. 
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It ſeems at firſt, view ſomewhat unac- 
countable, that the ſeed ſhould run faſter 
out at the holes of the barrel when near 
empty, than when it is full; but the rea- 
ſon is, that when the barrel is full, the 
ſceds at the holes are preſſed by the 
weight of thoſe above in a greater degree 
than when there is a ſmaller quantity of 
ſeed in the barrel, and the preſſure gra- 
dually leſſens as the barrel empties. The 
preſſure cauſes the lowermoſt ſeeds to run 
cloſer together at the holes, and by that 
means they obſtruQ one another in their 
paſſage, forming a kind of arch there; 
the more they are preſſed, the greater is 
the obſtruction, as it is when the barrel 
is near full, and the obſtruction i is conſe- 
quently leſſened as the barrel empties, 
and the preſſute leſſened. 4 
To regulate therefore the delivery of 
the ſeed, the preſſure is to be abated, and 
this may be done by different methods; 
the following is a cheap and ready way. 
On the inſide of the barrel fix laths, or 
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thin boards about two inches broad, and 
the length of the barrel, to which the 
boards are to be faſtened at one edge, as at 
a,b, c, d, Pl. II. fig. 6. and the other edge 
at a diſtance from it in a ſloping poſition. 
The number of theſe boards ſhould be 
the ſame as the number of holes round 
the barrel: as ſuppoſe eight holes are 
made round the barrel to ſow each row, 
then eight of theſe ſmall boards are ne- 
ceſſary, to be placed over the holes, in 
the above mentioned oblique poſition. 
Every row round the barrel ſhould have 
the ſame number of holes at equal dif- 
tances in the circumference of it; and 
they are to be made in ſtreight lines 
lengthways of the barrel. Being made 
in this regular manner, each of the thin 
boards will ſtand over one hole in each 
cireumfetence. 

In drawing the drill forward to ſow 
the ſeed, the wheels and barrel turn 
round always the ſame way, as from a, 
to , c, d, fig. 6. and in fitting on the 

|; long 


and only lateral. 


Q4 


ON DRILL-SO WING. 


long narrow boards over the holes, the 
edges of them that are fixed to the barrel 
ſhould be on the riſing ſide of it, as at 


231 


a, L, c, d; by placing them in this man- 
ner, they prevent the perpendicular preſ- 
ſure of the ſeed at the holes, and at the 
ſame time permit the ſeed to come to 
the holes, where the preſſure is ſmall, 


This contrivance ſerves to regulate the 
diſcharge of the ſeed, where two or more 
rows are ſown out of the ſame barrel, 
and at certain diſtances not to be altered. 
But a drill to ſow the rows at different 
diſtances, ſhould have ſhort barrels, one 
for each row, with fix or eight holes 
round the middle of it, to deliver the 
ſeed. Theſe ſhort barrels have a ſpindle 
of iron or wood, that paſſes through the 
middle of each, and upon which they 
flide endways. It is not neceſſary that 
the middle part of the ſpindle to theſe 
barrels ſhould be made of iron, as in the 
Arill above mentioned: but for theſe bar- 


rels, 
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rels, the whole, ſpindle may. be made.of 


wood, and grafted in two. places as. the 
other. The bartels are confined to the 
fequired: diſtances by laths, in the man- 
ner directed for the boxes in the other 
drill, and the other parts are the 
ſame in both. 

As this drill-plough ſows all the ſeeds of 
different ſizes, commonly ſown in the fields, 
and plants the rows at any required diſ- 
tance, it may be acconnted an univerſal 
inſtrument, excelling all the drill-ploughs 
that I have mentioned above; or have 
any knowledge of. They all being limited, 
either with reſpect to the ſize of the ſeed, 
or the number and diſtance of rows to be 
planted. 

I have already obſerved that the far- 
mers are in general prejudiced againſt the 


manner of drilling wheat for horſe-hoe- 


ing; they are accuſtomed to ſow much 
ſeed, to ſee the plants come up thick and 
cover the ground, and cannot believe that 
two rows only, drilled upon a ridge four 
feet. 
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ſeet eight or nine inches broad, will pro- 
duce” half a crop. They look upon the 
empty ſpaces between the rows as ſo 
much ground loſt, They are, however, 
more reconciled to the manner of drill- 
ing in ſingle equi- diſtant rows for hand- 
hoeing; and ſeveral have in different 
places, adopted that practice for n 
and other ſorts of corn. 

Nor is it the common farmers only 
who object to wide ſpaces for horſe-hoe- 
ing, bat others alſo, of larger ideas, 
have ſuppoſed them unprofitable, 'and 
that good crops are not to be expected 
from them. Among 'theſe I am ſorry 
to find one gentleman, the author of the 
Complete Engliſh Farmer, condemning 
that method, whoſe' cenſure may deter 
others from giving it a fair trial, eſpe- 
cially, as he ſays, he was acquainted with 
Mr. Tull, and his huſbandry. {In order 
to have a full vie w of his N 0 
(hall recite tbem. 
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In the preface p. 15, he ſays, “That 
the deſtruction of weeds, the multjply- 
ing of fibres, and the looſening earth 
about the roots of plants will encreaſe 
their vigour, are truths that cannot be 
controverted ; but in this country where 
labour is dear, the expence of perform- 
ing theſe operations, I am inclined to 


think, from my own little experience, 


will exceed the profit. Will any one, 
who has made the experiment, take upon 
him to ſay, that in rows only twelve 
inches apart, the two inches that are 
planted will produce an equal quantity of 
grain, after being three times hand-hoed, 
with the whole fourteen inches planted in 
the ordinary manner, provided the land is 
all equally prepared, with an additional ex- 
ceſs, that will pay for the excels of labour. 
TID the horſe-hocing culture, though 
the expence of labour may be leſs, the 
waſte, of land is out of all proportion 
greater; for there, only four inches out 


ſeventy- two are planted, the remaining 


ſixty 
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fixty-eight are left for the introduction 
of the hoe-plough. And will any one 
ſay, that in the nature of things, four 
inches can be made to produce as much 
grain as ſeventy-two, provided the whole 
ſeventy-two are all in the ſame heart be- 
fore planting ? From my own experience 
I am inclined to conclude they will not.” 
As to the ſuppoſed waſte of land in the 
horſe-hoeing culture, it is admitted that 
Mr. Tull for ſome time, drilled two rows 
of wheat upon ſix feet ridges, which is 
only four inches planted in ſeventy-two; 
but the author ſhould have taken notice, 
that upon fuller experience, he planted 
two rows upon ridges only four feet eight 
or nine inches broad, which is four inches 
in fi'ty-ſeven, But not to inſiſt upon 
this, the author has anſwered his own 
objection, and acknowledges that four 
inches drilled- in ſeventy-two may pro- 
duce as large a crop, as the whole fe- 
venty-two: ſown broad caſt: for, p. 213 
he informs us, “ That Mr. Tull had of- 


ten 
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ten upon two rows in fix feet lands, at 
the rate of five quarters of wheat on an 
acte. And this, I ſuppoſe, all farmers 
will admit is a very good crop, not often 
obtained upon the whole enn 
in hes ſown broad-caſt. | | 
It is from hence evident that the Ge 
between the rows is not a loſs of ſo 
much land; but being well cultivated by 
the horſe and hand- hoeing, and kept clean 
from weeds, are in the nature of a fallow, 


and the land not only produces a good crop, 


but it is alſo at the ſame time ſo much en- 
riched hy this culture, as to produce an- 
other good crop the following ſeaſon with- 
out manure, and continues ſo to do every 
year, ſo long as this culture is continued. 
Mr. Tull demonſtrates this by his own 


practice for a courſe of thirteen years, 
and the ſame has been ſince confirmed 
by the experience of others, and by ſome 
for a much longer time. | 


It ſeems ſurpriſing that any — 


huſbandman acquainted with drilling, 
ſhould 
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ſhould' ſuppoſe that twelve-inch ſpaces 
will leſſen the crop; or that it is contrary 
to the nature of things, to obtain as good 
a crop by the horſe-hoeing as is uſually 
obtained by the common huſbandry. I 
ſhall produce ſome inſtances in both 
cafes, which proves this to be ptactic- 
able, premiſing one from Mr. © Young's 
account of Mr. Scroope's experiment- 
field, in Yorkſhire. In the year-1766, 
Mr. Scroope, in his experiment-ground, 
drilled many forts of garden plants,” in 
ſingle rows, four feet aſunder, horſe- 
hoed thrice, beſides hand- hoeings and 
weedings. Onions, celery, endive, garden 
beans, coſs lettuce, cauliflowers and arti- 
chokes, all proved imcomparably good; 
and not only ſweeter than his gardener 
raiſed in the garden, but likewiſe larger 

and fairer. The ſoil of the experimeat- 
ground is a rich black mold, worth 
twenty-five ſhillings per aere. It is com- 

monly ſuppoſed, that plants of various 

kinds extend their roots ag, fat under 
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ground as their tops ſpread above ground; 
and in ſeveral trials that have been made 
to diſcover the length of foots, they have 
been found to ſpread a great deal farther 
than was expected, though they ate too 
ſmall and tender towards their extremi- 
ties, to be taken up without breaking 
them. Roots of wheat have been taken 
up that were extended three feet from the 
ſtalks. Whereas in the horſe-hoeing they 
have only two feet five. inches to ſpread 
from the rows to the middle of the inter- 
vals; and in the twelve-inch rows they 
have but fix inches to ſpread, till they 
meet the roots of the adjoining rows. 
Why therefore ſhould it be thought con- 
trary to the nature of things, that Wheat 
may not by culture extend their roots as 
far as ſuch ſmall low plants as lettuce and 
and onions? I ſhall give ſome examples in 
extenſive practice, and many more might 
be added; to ſhew, that wheat drilled with 
wide ſpaces, produce very profitable crops, 
and at a leſs expence for hand- hoing than, 
the above author has ſtated. 
6 
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It cannot, however, be truly aſſerted; 
as by ſome has been done, that the horfes 
hoed crops of wheat are in general greater; 
or even ſo great as the ſown crops, upon the 
fame land, or upon land of equal good- 
neſs, and in the ſame years. The profit of 
this huſbandry does not altogether conſiſt 
in the ſuperiority of the erops of this above 
the common huſbandry; but principally in 
reducing the expence of cultivation, and 
faving that of manure; whereof none, or 
very little is neceffary in the horſe-hoeing 
huſbandry for corn. This is an important 
article, and a neceflary and very expenſive 
one in the common hnſbandry. It is no 
ſmall advantage in the hoeing huſbandry, 
thatall the manure uſually beſtowed upon 
the wheat crop, may be ſaved for the 
other lands; for the improvement of 
meadows and graſs- grounds, and for the 
crops cultivated for cattle; tarneps, car- 
rots, cabbages, and cole-ſeed, and for do- 
meſt:c uſe, or ſale, as potatoes, r mad 
der, and ſeveral others: 
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With regard to the crops obtained from 
land drilled in equidiſtant rows, and 
hand-hoed, though this method of cul- 
ture is much inferior to horſe-hoeing, as 
it does not near ſo much improve the 
land, nor ſo that ſucceſſive wheat Crops 
can be obtained from it; yet it is commonly 
more profitable than ſowing it with 
wheat broadcaſt, and the land is, by the 
hand-hoeing, in much better order for a 
ſucceeding crop. Neither is the expence 
of hand-hoeing ſo great as the above au- 
thor ſeems to think; for once hoeing is 
frequently ſufficient, and it is very rarely 
neceſſary to hoe oftener than twice. The 
hoeing, ſun, and free air between the rows, 
very much ſtrengthen the plants, cauſe 
them to throw out many branches, and 
fill the grain. It is unneceſſary to mul- 
tiply examples of this, and may be ſuf- 
ficient to produce one that is unexcep- 
tionable, the experiment made by Mr. 
Cox, near Lymington, in Hampſhire, be- 
ing a comparative one between wheat 

ſown 
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ſown broadcaſt, and drilled in equidiſtant 
rows twelve inches diſtant ; for which 
the gold medal was adjudged to him by 
the London Society of Arts, and is related 
by him as follows: 


« Experiments in the culture of wheat, 
drilled in equally diſtant rows with adtill- 
plough, and ſown broad-caſt, in Novem- 
ber 1767, by Mr. Mathew Cox, of Wall- 
hampton, near Lymington, preſented 
to the Society of Arts, &c. London. 


«© The Expence of Tillage, &c. per acre, 
One Acre broadcaſt. 


Firſt ploughing, 9 2 0 
Second ditto, — _ o 6 © 
Third ditto, — — 0 5 o 
Harrow, — — DB: 3 0 
Drag, — 0 
8: 'Q 
Two buſhels of ſeed, o 15 © 
£115 © 
One Acre drilled. 
Three ploughings and harrowing, 10 © 
Drilling, one manand boy, at one 

ſhilling and four-pence per day, o o 4 
Hand-hoeing, — — Oo 1 4 
| 2 Ws 

One buſhel of ſeed, — 0 7 
3 
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« The number of ſheaves produced by 
the drill culture were not ſo many in 
ſome of the experiments as by the broad- 
caſt, but they all weighed more, and pro- 
duced more grain. The ears alſo were 
conſiderably longer; which I attribute to 
the hoeing, and the length of time the 
ſeed was ſteeped in brine. November 12, 
1707. 

November 19, N. B. Since I wrote 
the above, I have threſhed a quantity of 
both the red and white wheat, and find, 
that twelve ſheaves of the red wheat, 
cultivated in broadcaſt, yield one buſhel 
of grain; whereas from ten ſheaves of 
the white wheat, cultivated in drills and 
broadcaſt, the ſame quantity may be ob- 
tained. I have threſhed five-hundred 
ſheaves of the produce of each of the me- 
thods of culture; the ſheaves were as 
equal in fize as poſſible, and weighed 
about twenty pounds each. The ears I 
have ſent to the ſociety were not picked, 
but the general ſize of each experiment.” 


LE 
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LETTERS to Dr. TexMPLEMAN, Se- 
cretary to the Society. 


«STIR, Wallhampton, May, 2, 1768, 


IN anſwer to yours, the ſeed was har- 
rowed in, except the lands ſown with 
the drill-plough, which were harrowed 
before they were ſown. We ſowed a- 
bout three acres per day with the drill- 
plough, which finiſhed. I think three 
buſhels of lime were all that were uſed 
for the ſeed of this field. The firſt 
ploughing we charge fix ſhillings per 
acre; the ſecond five ſhillings, and the 
third four ſhillings. I have ſown ſome 
wheat with the drill-plough laſt Michael- 
mas, have now ſixteen ſtems from many 
of the ſingle grains, and think it has not 
done tillering. 


«SIR, Wallhampton, May 14, 1768. 


I received your favour this morning. 
The land for the drilled wheat was pre- 
R 4 pared 


N 
, 
: 
* 
; 
1 
4 
J 
. 
3 
\, 
| 


= 
. . 
OO  9nt 7 —ů — Lotti” 


— SO ů *˙¾ſ es — 


1 - 2 — 
—— ̃⁵ — — 


LY 
"AT? 


248 Ox DRILL-SOWING, 


pared exactly the ſame as the land ſown in 


the common way; only the land for the 
drilled-wheat was hartowed before the 
drilled-plough went on. My &rill-plough 
ſows four rows, and harrows it, I had 
on an average twenty-three Wincheſter 
buſhels per acre drilled.” 


REMARK%s on theſe EXPERIMENTS. 


The '6+. acres - drilled produced 1223 
ſheaves, whereof 1167 were from the 6 
acres of white wheat, 10 ſheaves of 
which yielded a buſhel of grain, in all 
110: buſhels, and near 195 buſhels per 


acre. 
And the + acre of red wheat produced 


150 ſheaves, at a bnſhel per 12 ſheaves, is 
204 buthels per acre. The average, there- 
fore, of the drilled crop is nearly 20 
buſhels per acre, by computation from 
the ſheaves; but Mr. Cox ſays he found 
the real produce, on an average, was 23 
buſhels per acre, 


The 
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The 14 acres broadcaſt produced 2305 
ſheaves, of which the 8; acres of white 
wheat yielded 1230 ſheaves, at 10 ſheaves 
per buſhel, is 1224 buſhels, and 144 
buſhels per acre. 

And the 5+ acres of red wheat pro- 
duced 1075 ſheaves, at 12 ſheaves per 
buſhel, is 89% buſhels, and 155 buſhels 
per acre, conſequently the average of 
the broadcaſt is 15 buſhels per acre, com- 
puted from the ſheaves. 

But as the real produce of the drilled 
exceeded the computed, probably the dif- 
ference in the broadcaſt might be nearly 
in the ſame proportion, viz. as 23 to20; 
and in that caſe the real produce of the 
broadcaſt was 17% buſhels per acre; 
which is 5+ buſhels per acre more from 
the drilled than the broadcaſt, at 7 ſhill- 
ings and 6 pence per buſhel is, J. 2 3 1% 
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Brought over 2 3 1 
Alſo a buſhel in ſeed ſaved per acre, 0" 0 


2 10 72 
But in tillage, the drill coſt more than g 
the broadcaſt per acre, 8 9 


— >. — 
„ 


The drilled moſt profitable per acre, 2 8 11 


The rent is twelve ſhillings and fix 
pence per acre; ſo that the profit of the 
drilled was more than the broadcaſt, very 
near four rents of the land: an ample en- 
couragement to farmers to-cultivate their 
wheat in this manner, 

The hoeing being performed by chil- 
dren, it was probably done but ſuperfi- 
cially ; and was only but once hoed. Had 
the land been well and deep hoed cadly 
in the ſeaſon, and the hoeing repeated, 
the drilled crop would have been ſtill 
more plentiful, and the land much im- 
proved for the ſucceeding crop. To ſhew 
this more plainly, it may be ſufficient to 
refer to Mr. Tull's own experience, who 


firſt introduced into the fields the hand- 
| hoeing 
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hoing of wheat and other crops. The 
account he gives of his hand-hoed wheat, 
is as follows, p. 50. 

« About the year 1701, ſays he, when 
I had contrived my drill for planting ſaint- 
ſoin, I made uſe of it alſo for wheat, 
drilling many rows at once, which made 
the work much more compendious, and 
performed it much better than hands 
could do; making the channels of a foot 
diſtance. Drilling in the ſeed, and cover- 
ing it, did not in all amount to more than 
ſix pence per acre expence, which was 
above ten times overpaid by the ſeed that 


was ſaved ; for one buſhel to an acre was 


the quantity drilled. There remained then 
no need of hand work, but for the hoeing; 
and this did coſt from half a crown to 
four ſhillings per acre. This way turned 
to a very good account, and in conſider- 
able quantities. It has brought as good 


a crop of wheat on barley ſtubble, as that 
lown the common way on ſummer fal- 


low; and when that ſown the old way, 
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on the ſame field on barley ſtubble, entirely 
failed, though there was no other dif- 


ference but the drilling and hoeing. It 


was alſo ſuch an improvement to the 
land, that when one part of a ſtrong 
whitiſh ground, all of equal goodneſs, 
and equally fallowed and tilled, was 
dunged and ſown in the common man- 
ner; and the other part was drilled and 
band hoed without dung; the hoed part 
was not only the beſt crop, but the 
whole piece being fallowed the next 
year, and fown all alike by a tenant, 
the hoed part produced ſo much a better 
crop of wheat than the dunged part, 
that a ſtranger would have believed by 
Jooking on it, that, that part had been 
dunged which was not, and that part 
not to have been dunged which really 
was.” 


And in 1738 he writes as follows, « 
was deſired to take an exact account. of 
the product of a ſingle land of hand-hoed 


wheat, and of an acre in the middle of a 
field 
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field of twenty-five acres of horſe-hoed 
wheat, in order to know the different 
quantities produced by them. 

The acre of horſed-hoed wheat yielded 
twenty-nine buſhels and fix gallons (nine 
gallons to the buſhel) but there was very 
great waſte made by the reapers to whoſe 
lot this acre fell. This waſte was greater 
than any I had ever ſeen; ſo that I be- 
lieve, if it had been as well reaped as 
moſt of the reſt of my wheat was, there 
would have been thirty-two buſhels re- 
ceived from this acre. 

The land of hand-hoed wheat was in 
a common field, and planted upon the 
level, with the ſamed drill that planted 
the other, whereby there was a ſpace 
of ten inches between two rows, and a 
ſpace of eighteen inches between thoſe 
and the next row ; ſo that each row had 
fourteen inches of ſurface for the roots to 
ſpread in. It was hand-hoed very well. 
The land hath not been dunged in any 
manner fince the year 1719. This crop 
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was reaped very low, and thraſhed ont 
immediately. It produced eleven buthels 
and a half ; the meaſure of the land being 
fifty-two perches, the product is at the 
rate of thirty-ſix buſhels and fix gallons 
to an acre. It is ſituated next to the ditch 
of a meadow, and is all the land J have 
in the common field. The lands adjoin- 
ing to it, of the ſame goodneſs, were 
judged by all gentlemen and farmers 
who viewed them, not to have above 
half the wheat on them that this had, 
perch for perch; and yet there was no 
difference in the management, except 
this being regularly planted and hand- 
hoed, without dung; and the other ſown 
at random, and dunged (as they always 
are, once in three years) the fallowing 
and ploughing of both were the ſame. 
Mine was ſaid by ſeveral farmers of the 
place, to be the beſt land of wheat in the 
pariſh. 

„This indeed ought to be allowed, 


that mine being moſtly white cone 
7 wheat, 
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wheat, and the adjoining lands of clean 
lammas, might make ſome part of the 
difference : but there being ſome of the 
ſame ſort of lammas amongſt this cone, 
it was obſerved to be as high as the cone, 
and the ears of it to be of double the 
goodneſs of thoſe in the contiguous ſown 
lands. 

« The difference of the appearance of 
the hand-hoed and of the horſe-hoed, 
whilſt they were ſtanding, was ſo great 
as to deceive many who ſaw them, and 
to induce ſome to imagine, that the pro- 
duct of the former would be double to 
that of the latter; though it was really 
little more than an cighth part greater. 

* The horſe-hoed ſhews the whole in- 
terval empty, until the grain is almoſt 
full, which 1s a great advantage to the 
crop: becauſe unleſs the air did freely 
enter therein, to ſtrengthen the lower 
parts of the ſtalks, they would not be 
able to ſupport ſuch prodigious ears (ſome 
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containing one hundred and twelve large 
grains apiece) from falling on the ground.” 
And p. 274, he ſays, © My ſingle land 
of fifty- two perches in the common field, 
mentioned in my Addenda,. brought the 
laſt harveſt a crop of barley (in the opi- 
nion of all who viewed it) double to the 
land of the ſame goodneſs contiguous to 
it, at the end and fide of it. This ſhews 
that the benefit of the pulveration of one 
good hand- hoeing, performed half a year 
after planting the wheat, together with 
the leſs exhauſtion of half the ſeed, and 
no weeds, vaſtly exceeded the uſe of the 
dunging for the wheat, on the contiguous 
land, there being no other difference.“ 
Theſe examples ſufficiently prove the 
advantage of drilling wheat in rows, 
twelve inches and more diſtant, for hand- 
hocing ; and that it is a much more pro- 
fitable method than ſowing broad - caſt. 
The objection to the wide ſpaces be- 


tween the rows is of no weight. The 
plants 


plants recive their nouriſhment by theic 
roots; the more numerous they are, and 
the more competent room they have to 
ſpread, the greater ſhare of nouriſhment 
the plants receive from them. In one 
caſe the hand-hoeing opens the foil ſo 
much, that they extend through the 
twelve and fourteen inch ſpaces; but in 
the other the ſoil is ſo much more opened 
by horſe-hoeing, that two rows only, up- 
on a ridge fifty- ſeven inches broad, pro- 
duced near four quarters of wheat per 
acre, nine gallon meaſure. As the parti- 
tion between the double row on the top 
of the ridge, was only ten inches wide, 
the interval between the double rows, was 
forty- ſeven inches, or near four feet 
wide, through which, notwithſtanding, 
the wheat roots extended, as appears by 
the goodneſs of the crop. The diſtance, 
theretore, between the rows of twelve or 
tourteen inches is no valid objection to 
this manner of drilling wheat to be hand- 


hoed. 
8 On 
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On the contrary it has been found, 
that drilling the rows two, feet diſtant, 
produces better crops than at half that 
diſtance, provided the mould between 
fuch wide rows is well hoed ; for which 
purpoſe a ſmall plough is much prefer- 
able to the hand-hoe, and the tillage 
cheaper, 

In cloſe drilling, the rows are planted 
about ſeven or cight inches aſunder. The 
crop is not ſo good as the twelve inch 
rows; but is equal to, and often bettet 
than the broad-caſt; and half the ſeed is 
ſaved; for in cloſe drilling about one 
buſhel of ſced is ſufficient. Many far- 
mers approve of this way more than the 
twelve inch rows; becauſe the ground is 
more covered with plants, and that it 
is not neceſſary to hoe them. Where a 
conſiderable extent of land is drilled in 
this manner, the ſaving of ſeed is an ob- 
ject deſerving the farmers notice. The 
following inſtance from Mr. Craik, near 
Dumfries, in Scotland, is ſufficient to 


ſhe w 
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ſhew this: writing of his drill-plough 
he ſays, * Thoſe who do not incline to 
dip into the horſe-hoeing huſbandry, 
may uſe this drill to ſow their fields in 
cloſe drills, which will be a ſaving of 
more than one half the ſeed. IT was lately 
with a gentleman in Annandale, who told 
me he fold for fifteen pound this ſpring, 
the oats he ſaved in ſeed, by ſowing his 
fields with my drill-plough, aud yet I 
have not ſeen a finer crop this ſeaſon, 
though neither horſe or hand-hoed.” 

I have taken notice above, that the laſt 
mentioned author has objected to the 
drilling or horſe-hoeing of wheat, on ac- 
count of the wide ſpaces between the 
rows — That Mr. Tull laid his land into 
ſix feet ridges, and dr:lled two rows upon 
each ridge; and therefore that only four 
inches in ſeventy-two was planted, the 
remaining ſixty-eight inches having no 
crop upon it, but was left unplanted, in 
order to introduce the hoe-plough — 
That he diredts fix, or even eight hoe- 

I 2 ings 
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ings to be given to a crop—And that, 
at the ſummer hoeings, the plough ſhould 
not come very near to the rows of wheat. 

« The third hoeing (in ſummer) ſays 
he, p. 182, was performed in a parti- 
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cular manner, as well as the firſt and 
ſecond: for as the fibres of the roots had 
now acquired conſiderable ſtrength, and 
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were known to have extended a conſider- 


1 able way into the intervals, Mr. Tull 
i Judged it improper to tear any confider- 
ji able number of them off at once with 
} the plough, and therefore his inſtruc- 
5 tions to his ploughmen were, to keep at a 
j greater dif! :nce from the rows, and to de- 


preſs his left hand, that by the ſlant poſition 
of the plough, the ſhare might paſs o- 
ver the lowermoſt extended fibres with- 


— 12 E 
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out hurting them, and at, the ſame time 
by looſening the carth above and beyond. 
them, leſſen the impediment that might 
7 have retarded their farther extenſion.” 

0 After this hoeing the plants were 
q ſuffered to remain a ſhorter or longer. 
iq | time, 
1 

| 


ON DRILL-SOWING. 261 


time, according to the appearance of the 
crop, or the increaſe of the weeds. If 
the plants appeared ſickly, they were im- 
mediately reſtored to health by the appli- 
cation of the hoe or, if the weeds had 
gained ground, they were removed by 
the ſame means. 

« The laſt hoeing, however, which 
was ſometimes the ſixth, or even the 
eighth, was always performed as ſoon 
after the wheat was out of bloſſom, as the 
weather would permit. This hoeing Mr. 
Tull eſteemed one of the moiſt efſential. 

« Thoſe who would be ſatisfied of 
every little nicety, muſt conſult Mr. 
Tull's book of horſe-hoeing hufbandry, 
which in truth deſerves to be more ge- 
nerally read, than, I believe, it has hi- 
therto been.” 

Here it is to be obſerved, that the 
horſe-hoeing was a new method of huſ- 
bandry, never practiſed in the culture of 
wheat, tillit was introduced by Mr. Tull: 
and 1t may be ſuppoſed, which indeed is 
| 8 3 the 
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the fact, that his firſt eſſays were imper- 
fe, or capable of improvement; and ac- 
cordingly we find, that upon further ex- 
perience, he made ſeveral important al- 
terations and improvements upon his firlt 
practice. How it has happened, that this 
gentleman, who deſcribes this huſban- 
dry, ſhould take notice of Mr. Tull's 
firſt practice only, and wholly omit theſe 


| improvements, muſt be attributed to his 


not having read the latter parts of Mr. 
Tull's work: for his book of horſe-hoeing 
huſbandry, properly fo called, contains 
his ficſt practice ; but he publiſhed ſeveral 
additional parts at different times, during 
a-courſe of ſix years; which it is neceſ- 
fary for thoſe who would make trial of 
this huſbandry, and perform it in the beſt 
manner, to be acquainted with. 

That he altered the breadth of his 
ridges, from ſix feet to four feet eight or 


nine inches, appears from the following 


paſſage in his addenda to the book of 
horſe-hoeing; where he ſays he made 
fourteen 
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fourteen ridges in the breadth of an acre, 
or four perches, P. 262. 

« I now chuſe, ſays he, to have four- 
teen ridges-0n an acre, and one only par- 
tition of ten inches on each of them. 
This I find anſwers all the ends I propoſe. 
If the partitions are narrow, there-is not 
ſufficient room for the hand-hoe to do 
its work effectually; if wider, too much 
earth will loſe the benefit of the horſe- 
hoe. — By all theſe three methods, (viz. 
double rows planted upon level ground; 
treble rows upon ſix feet ridges; and 
double rows upon narrow ridges, of four- 
teen ridges on the breadth of an acre) I 
have had very good crops ; but this I now 
deſcribe is the lateſt, and, as it ought to 
be, the beſt ; I publiſh it as ſuch, without 
partiality to my own (former) opinions,” 

And, with regard to the manner and 
number of the horſe-hoeings, he directs 
in his Concluſion, or laſt part of his work, 


as the reſult of all his experience, p. 272. 


At the ſecond (or ſpring) hoeing, ſays 
8 4 he, 


. 
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3 * 
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he, the plough goes in the furrow of the 
firſt; making it deeper and nearer to the 
wheat. The third hoeing fills up this 
furtow; and then at the fourth hoeing, 
the plough goes in the ſame place as the 
ſecond, turning the mould into the in- 
terval. It is remarkable, that though 
the furrows of the ſecond and fourth 
hoeings be deep and near to the rows, 
ſceming to deprive the wheat of the 
mould which ſhould nouriſh it, whereby 
one would imagine, that theſe furrows 
lying long open ſhould weaken or ſtarve 
it, but it is juſt the contrary; for it 
orows the more vigorous. And it is the 
obſervation of my ploughmen, that they 
cannot at thoſe hocings go too near to the 
rows, unleſs the plough ſhould tear out 

the plants. | 
If I may preſume to afſign the cauſe 
of this ſurprifing effect, it is, in my opi- 
nion, the following, viz. This open fur- 
row has a double ſurface of earth, which 
by the nitre of the contiguous atmo- 
ſphere, 
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ſphere, is pulveriſed to a great degree of 
minuteneſs near the row. The roots that 
the plough cuts off on the perpendicular 
fide of the furrow, ſend out new fibres 
to receive the pabulum from this new 
made paſture : and allo part of this ſu- 
perfine powder is continually falling 
down into the bottom of the furrow, and 
there gives a very quick growth to thoſe 
roots that are next it, and a quick paſſage 
through it into the earth of the interval, 
where they take likewiſe the benefit of 
the other ſide of this pulverized furrow. 
When it is ſaid that air kills roots, it 
muſt not be underſtood that it kills a 
plant, unleſs all, or almoſt all its root is 
expoſed to it, as it is not in this caſe. 
Some think that there are roots that run 
horizontally, below the plough into the 
interval: but of this I am not con- 
vinced. 

* It is not often that we hoe above four 
times; and then the furrow is turned to- 
wards the row at the third time only. 


© There 
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* There being no danger from theſe 

| furrows lying long open, we are not con- 
* 3 fined to any preciſe diſtance between the E 
i times of hoeing; for which we need only 
= regard the weather, the weeds, and our 1 
F | own convenience of opportunity and lei- ; 
jt | dure, Whether theſe furrows lying long 
| ; open next the rows in very hot dry cli- | 
i i mates may be prejudicial, cannot be 
1 known but by trials. —I prefer planting I 

4 0 the rows on the precedent intervals. 

j | „The number of ridges being en- 

þ creaſed, as their breadth is diminiſhed, 

. | occaſions ſomewhat the more plough 


work ; we likewiſe uſe more handwork 
than formerly: but the profit of this en- 
creaſed labour, is more than double to 
the expence of it. 

« It is better to make fifteen ridges on 
an acre, than to leave any earth unmoved 


by the hoe-plough in the middle of the 


5 intervals. But when ploughmen by prac- 
1 tice underſtand well to ufe the hoe- 
'v plough, they will plough the intervals 
| clean, 
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clean, though the ridges are only fourteen 
on an acre.” 

It is evident from theſe paſſages, that 
Mr. Tull's improved method, was to drill 
his wheat, not upon fix feet ridges, but 
upon narrower ones of four feet eight 
or nine inches.—That he commonly hoed 
his wheat only four times. And that he 
horſe- hoed it cloſe to the rows every time 
in ſummer. Alſo that is not neceſſary to 
be critically exact, with reſpect to the 
times of hoeing. And upon the whole it 
appears that horſe-hoeing of wheat, is 
not ſo nice and difficult as many ſeem to 
apprehend, The moſt extraordinary cir- 
cumſtance is, that the wheat continues 
to thrive after the earth is ploughed away 
from the rows towards harveſt, when the 
plants are at their full growth, and the 
grain filling ; which I am certain is a 
fact, from inſpection of ſeveral crops ſo 
done; though I have not my ſelf prac- 
tiſed that method; becauſe it requires 
more time and p!oughing to form the 


new 
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new ridges for the next crop, than is ne- 
ceilary, when all the earth is ploughed 


S 


— 


up to the rows at the laſt hoeing ; pro- 


— 


j vided the next crop is to be drilled upon 
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0 the former intervals, which is the moſt 
expeditious, and, in my opinion, is in ge- 
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neral the beſt way. 

N And that the reader, who would prac- 
tiſe this huſbandry, may be further ſatis- 
ö | fied, that the method here directed by 
0 Mr. Tull, has ſucceeded with others ſince, 
6 I ſhall give another nearly ſimilar to it, 
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3 pPractiſed by Mr. Craik, as deſcribed by 
'* himſelf; aſter reciting what he ſays of 
3 the nature of his land. 


„My ſoil, ſays this gentleman, is ſtiff 
and very moiſt; that is, the bottom be- 
iow the ſtaple is a hard and almoſt impe- 
netrable till, impervious to water, which 
of conſequence keeps the top poachy : and 
therefore am obliged to drain every field 
with covered drains, filled with ſtone. 
Add to this, that our climate is extremely 


watery: fo that both foil and climate are 
6 againſt 
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againſt me, eſpecially in the new huſ- 
bandry. | 

« About ſeven years ago, I began to 
drill wheat in double rows, on ridges 
five feet two inches broad, but have now 
reduced them to four feet ten inches, on 
the laſt taken in fields, which ſiae I find 
anfwers every purpoſe beſt for double 
rows. Idrilla little ſhort of a Wincheſter 
buſhel to the Scots ſtatute acre (viz. one 
acre and a quarter Engliſh); my re- 
turn, upon the average, is about twenty - 
five of ſaid buſhels, ſince I firſt | began: 
and the total expence, harveſt-home, is 
about a guinea, ſeed included. | But the 
return would conſiderably exceed this, 
were it not for tome parts in every field, 
that have every year quite failed; in ſome 
occaſioned by a vcin of ſandy gravelly foil, 
that runs acroſs two of my fields; and in 
all the others, from the old ridges being 
very high raiſed by the former. farmers, 
and at the ſame time very broad and 
crooked; which obliged me to level the 


whole; 
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whole : the conſequnce of which is, that 
the tops of the old ridges continue'barren 
for ſeveral years, to my great loſs. I was 
for ſome time in hopes that frequent cul- 
tivation and expoſure to the air, would in 
time remedy this defect, but finding little 
alteration in thoſe parts, I am now ap- 
plying proper dreffings, ſuited to the 
different ſoils, which I have already found 
will anſwer the purpoſe, and make a very 
ſenſible difference in my profits. 

« When the crop is off, the ridges are 
ploughed up and formed anew; then 
imocthed by the drill harrows, and drilled 
with the drill-plough, which delivers the 
quantity of ſeed intended, and exactly at 
any propoſed depth, covers and rolls it at 
the ſame time, and is ſo ſimple, that any 
perſon may conduct it at firſt trial. When 
the wheat has got three or four leaves, I 
hoe. from the rows, agreeable to Tull, 
In the ſpring, I always deepen the ſame 
furrows made before winter; after which 
it lies till the wheat begins to ſpindle, 

when 
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when I horſe-hoe back the earth, ſo as to 
earth up the plants to ot three inches, 
to ſtrengthen and ſecure them. In this 
operation, a flip. of earth remains un- 
touched, in the middle of what was 
ploughed firſt from the rows; and as. a 
new ſurface is expoſed by the laſt hoeing, 
{ leave that flip untouched for ſome time, 
to receive the advantage of expoſure, and 
till the weeds come, when I plough' up 
this lip with the double mould-board 
plough, which covers the weeds and 
leaves a wide, deep, and clean trench. If 
the wheat ſtands fair, ſo as to admit the 
horſe-hoe, which with me is ſeldom the 
caſe, I hoe a ſmall furrow back from the 
rows, and return it with the double mould- 
board plough ; but do not think this ne- 
ceſſary, if the former operations are pro- 
perly executed. | 

Though my ſoil is ſtiff and heavy, I 
only uſe two horſes to the ſingle hoe, and 
three to the double mould board hoe. 
The fingle hoc hoes two and an half Scots 
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acres per day, and the double mould- 
board five : the firſt having a full bout to 
each ridge, the other only a half bout. I 
have tried to hoe with oxen, but found 
they did not anſwer in my wet ſoil, and 
now only uſe horſes, as they poach the 
land leſs. 

I have now the ſeventh crop of drilled 
wheat, growing on my firſt acre, which 
I choſe as near the average of my ſoil as I 
could, and it at preſent promiſes to be 
the beſt. This acre conſiſts of twenty- 
two ridges, nine of which were three 
years ago ſtrongly dreſſed with dung, that 
{ide being lizhter land than the other, and 
generally failed. Since dreſſing, that 
part has proved better, but till inferior 
to the undunged fide. This acre, as well 
as all my fields, was dreſſed at firſt with 
ſhellz, and bore four broadcaft crops im- 
mediately preceding the drilled crops. 
I have only this year thirty Scots acres of 
drilled wheat; the wet ſeed- time laſt year 
having prevented my drilling a ten acrs 


field, 
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field, now in turneps and potatoes: for 
I dare not touch my ſoil with the plough 
when wet. 

« The field with the fixth crop of 
drilled wheat, and which had five broad- 
caſt crops previous to theſe, hath at pre- 
ſent as full a crop as can ſtand upon it, 
except where the ſandy vein comes in. 
The field, with the fifth crop, is inferior 
to it, though equally good foil. In ge- 
neral, where the ſoil was originally to- 
lerable, and, excluſive of the particular 
accidents I have mentioned, I cannot per- 
ceive hitherto any decline in the crops, 
even thoſe that have not received any 
dreſſing with dung; but how long this 
will go on, time only can determine. 

I have uſed the white lammas wheat, 
the Kentiſh red, the Zealand from Hol- 
land, the white and gray cone, and this 
year a ſmall quantity of Smyrna wheat, 
ſpica multiplici; yet I find none of them 
can reſiſt the violent ſtorms of wind and 
rain of our climate. Both the cones 

y ſtand 
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ſtand the beſt; but our millers have not 
art enough to grind them; on which ac- 
count our bakers are ſhy to buy them. 
L have moſtly ſown the gray cone, A 
great part of my laſt year's crop went to 
the Iſle of Man, to Ramſey, and was fo 
large a grain, that our bakers objected to 
it on that account. 

My crop this year conſiſts of the gray 
cone, the red Kentiſh, and the white lam- 
mas, ſome of each in the ſame field, on 
purpoſe to fee which ſtood beſt 3 and now 
find the red Kentith has ſuffered moſt, 
and the white lammas, of a kind I had 
from London, ſtands equally well with 
the gray cone, which has determined me 
to ſow it moſtly, for the enſuing crop. 

« This year's crop had more than uſual 
a luxuriant appearance, both the drilled 
and broadcatt; but when it came to be 
cut down, I found it almoſt quite ruined 
by the blight, occaſioned, 1 ſuppoſe; by 
the uncommonly cold and wet months of 
May and June, together with the cold 

and 
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and moiſt quality of my foil. The broad- 
caſt appears rather to have ſuffered more 
than the horſe ho:d, though all of the 
gray cone, are a haidy fort. I am afraid 
this will be but too general, as I am 
informed by ſome of my correſpondents 
of the London Soci:ty, that they have 
obſerved, that even the graſſes have not 
perfected their ſeeds this ſeaſon. 

« My drilled wheat is generally, by 
the time it gets into bloſſom, fo laid 
over, but not broken, that I can neither 
horſe-hoe, hand-hoe, or hand-weed ; ſa 
that a ſecond crop of weeds never fail to 
ſpring up, time enough to ripen the ſeed, 
before the crop is cut; and this, with me, 
is the great and invincible objection to a 
ſucceſſion of wheat crops in this way; at 
leaſt in my ſoil, and this climate. What 
I propoſe to remedy this is, to take a crop 
of horſe hoed turneps, next a horſe- hoed 
crop of beans, and next two or three crops 
of horſe-hoed wheat, and then return to 
the turneps. In this way I am ſure to 
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- extripate the weeds during the turnep and 
bean crops ; and have reafon to expect my 
wheat ſhould be a full crop, after theſe 
meliorating ones. 

Were it not for the parts that fail in 
my fields, my horſe-hoed crops would 
exceed four quarters, Laſt year on half 
an acre Scots, I had twenty-two Win- 
cheſters; but this was all equally good. 

J always horſe-hoe from the rows at 
one bout, half a bout to each ſide, and 
could return this bout with the double 
mould-board, at half a bout; which was 
for ſome time my practice; but now find 
it more profitable, firſt to return the bout 
by another bout of the ſingle hoe; which 
expoles a large new ſurface: and then, 
when the weeds are up, clean up with 
the double mould-board. But as, at the 
ſecond hoeing from the rows, which is 
after the grain has got into ear, I only 


take two ſmall furrows, viz. one from 
each ſide, theſe I return at once, with the 
double mould-board.” 


This 
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This gentleman's account of the horſe- 
hoeing of wheat, is very clear and con- 
ciſe, and merits the particular attention 
of thoſe who are inclined to practice this 
huſbandry ; the fucceſs whereof is very 
apparent here, notwithſtanding the very 
unfavourable ſoil and climate. 

« The objection made by the foremen- 
tioned author, to the wide ſpaces between 
the rows, and ſuppoſing them to be ſo 
much waſte ground, is here demonſtrated 
to be groundleſs. Mr. Craik's ridges are 
ſour feet ten inches broad, and the par- 
tition between the double row on the top 
of the ridge eleven inches: the horſe- 
hoed interval, therefore, is near four feet 
broad, which, though no plants grow up- 
on them, yet furniſh the roots of the 
double row with to much nouriſhment, 
that the crop is as good as the broad- 
- caſt, that covers all the ground with 
plants, 

Likewiſe, inſtead of fix or eight hoeings, 
as mentioned by the faid author, Mr, 


1 Craik 
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Craik gives only four hoeings, the effect 


whereof is very great. | 

The profit likewiſe from this culture is 
remarkable. The total expence of cul- 
tivation, harveſt-home, and ſeed included, 
being about a guinea per acre, if the ex- 
pence and rent amounts to forty ſhillings 
per acre, the crop of four quarters per 
acre, which he ſays they exceed, exclu- 
five of the tops of the old ridges, and 
ſandy vein, being reckoned only at eight 
pounds, there remains fix pounds per 
acre. A profit greatly exceeding that of 
common wheat crops. 

Sir Digby Legard ſays, the farmers pro- 
fit on the Yorkſhire wolds, from their 
wheat and barley crops, is only about four 
ſhillings per acre. And the Complete 
Englith Farmer reckons that the occupier 
of a farm of two hundred pounds a year 
rent, conſiſting of five hundred acres, 
viz. about three hundred acres arable, and 
the reſt meadow, paſture, &c. ought to 


have a capital of fifteen hundred pounds. 
e The 
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« The whole ſum which ſuch a beginner, 
fays he, p. 62, ſhould be poſſeſſed of, 
ſhould not be leſs than fifteen hundred 
pounds; for neither will the farm be 
over- ſtocked, nor the ſtock over-rated.— 
He mult not flatter himſelf, that leſs than 
fifteen hundred will ſuffice. Let him re- 
member, that if he once gets the name of 
a bad paymaſter among his neighbours, 
it will require many years cloſe applica- 
tion to buſineſs to redeem his credit; and 
that up- hill work, as the phraſe as, long 
continued, will tire the beſt horſe ig the 

farmer's team.” | 
The profit arriſing from this farm, ſo 
ſtocked, he eſtimates at about fifty pounds 
a year, being, he ſays, what the farmer 
can expect to ſave at the year's end, over 
and above maintaining bis own private 
family. * Fifty pounds a year, ſays he, 
p- 204, laid by in clear profit, is nearly 
as much as a farmer can annually accom- 
pliſh, who rents two hundred a year.“ 
14 The 


3 
* 


» 
— of 


OO = 


* Nr 


29 Ox DRILL-SOWING. 


The ſum he ſuppoſes neceſſary to begin 
with, is much beyond what farmers in 
general can attain to, who rent farms of 
two hundred a year. And if ſo much was 
neceſſary, and the profit ſo ſmall, few per- 
ſons, I believe, could be found capable 
of renting them; and very few would 
breed up their ſons to agriculture. 
Hence, however, the advantage of horſe- 
hoeing culture is very apparent: for, ac- 
cording to Mr. Craik's practice, twenty- 
five or thirty acres of horſe-hoed wheat 
woold be as profitable as five hundred 
acres, according to the above eſtimation. 
It is true he finds it very difficult to keep 
down the weeds, that are apt to rife and 
multiply the latter end of ſummer; and 
his intermediate crops of turneps and 
beans are not ſo profitable as the wheat: 
but with regard to ſoil and climate, his 
ſituation is peculiary unfavourable ; and 
his ſucceſs, notwithſtanding theſe circum- 
ſtances, is an argument rather in favour 


of 
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of the hoeing huſbandry for wheat, as jt 
undoubtedly is of his {kill and good ma- 
nagement. 

The expence of a guinea per acre, may 
be thought low, by thoſe who have not 
experience of the horſe-hoeing huſbandry, 
yet fir Digby Legard's expence was much 
lower: for in his light land he found one 
horſe ſufficient for hoeing. And Mr. 
Wynn Baker, experimenter in agricul- 
ture to the Dublin ſociety, and who keeps 
an exact account of the expence of his 
horſe-hoeing culture, for the inſpection 
of the ſociety, found that it amounted 
only to twenty-three ſhillings and three 
pence halfpenny per Iriſh acre, ſeed in- 
cluded, and an Iriſh acre is about an acre 
and a half Engliſh, the proportion being 
nearly as five to eight. 


The particulars of this expence, he ſtates 


as follows ; per acre (Iriſh) 


Ploughing the land once, which is ſuf- . 3. d. 
ficient after the firſt year, - D 13 4 


Drill. harrowing, 4, 5 or 6, acres a n 
with one horſe, „ fo o 6 


Carried over, o 10 10% 
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p L 4 5 11 4 . 


. 
Brought over o 10 10+ 
Drilling, from 3 to 5 acres a day, with * 
2 horſes, holder and driver, f J 2 
Seed, generally 5 ſtone or ꝙ gallons, but 
he charges 6 ſtone, or near 11 el þ o 6 0 
lons, - - - ? 
Winter hocing, with 2 horſes. He wy 
| hoes leſs than 2 acres a day, | 3 
Spring- hocing with M. de dee ed 
miner, with one horſe, | 


O 1 
Summer-hoeing with 2 horſes, 9 
Laſt hoeing with miner, and 1 horſe, of T 


Wieeding and reeping uncertain, 1 
charged, 1 35 
Rent, 0 18 0 


ati as $$ 

Mr. Baker compares the expence and 
produce of horſe-hoed wheat, with that 
of the common huſbandry in Ireland, 
where he obſerves their uſual method is to 
fallow the firſt year, the ſecond to ſow 
wheat, and the third year oats, which 
finiſhes the courſe, and then return to 
fallowing: ſo that they have only two 
crops in three years. The particulars as 


follows, viz, 


Firft ploughing for fallow, 8 horſes, 8s. 2. ue 
two ploughmen, ts. 4d. two drivers 18. 0 10 4 
Firſt, hoeing, 4 borſes 45. driver 6d. o 4 6 
Second ploughing and harrowing, o 14 10 
0 10 4 


Third ploughing, called ſtretching, 


Carried over 2 © 0 
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7 7 5. 4, 
| Brought over 2 0 0 
Bowing the ſeed. Seedſman, o 8 | 
Eight horſes, 8 o 
Twoploughmen, 1 4 


Two drivers, BE - 
2 — , 
Seed wheat one barrel, or 20 ſtone, 1 
10 0 
36 gallons, 
Rent ſor the year of fallow, o 18:0 
Pitto for the year of the wheat crop, o 18 0 
8898 
The expence of the oat crop, 2 5 o 
— — \} 
The produce of the acre of wheat, ke eſti- * 


mates 9 barrels, at 20s. | 
And of the acre of oats, 14 barrels, at bs. 4 4 © 


He computes the drilled-wheat crops at 93 
barrels per acre, 3 6 0 © 


— Tr... 
The expence whereof as ſtated as above. 
That in 5 courſes, or fiftcen years. the pro- 
fit in the common huſbandry amounts to 27 19 2 
And the profit af the drilled in that time to 52 3 11 


The ſuperior profit of the drilled being therefore 


241. 48. gd. is 11. 128. 33d. per acre per annum 
more than the common huſbandry. . 


** The oppoſers of the drill huſbandry, 
ſays he, have generally urged, that it is 
more expenſive than the common huſ- 
bandry, and that therefore it required a 
greater capital to conduct it. The pre- 
ceding accounts (upon the faithfulneſs of 

| | which 
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which my credit ſhall ſtand) ſhews the 
firſt aſſertion to be wrong, and conſe- 
quently the concluſion cannot ſtand. At 
the ſame time I muſt add, that no man, 
upon his beginning this culture muſt ex- 
pect, that he can conduct it upon ſuch 
low terms, as he will after having had a 
little practice; any more than he will 
know how to build upon the beſt terms, 


when he firſt engages in it. 
„The advocates for the drill-huſban- 


dry, have generally ſtated the produce as 


being more than the common huſban- 


dry, Perhaps that very circumſtance 


has been injurious to the fyſtem. For 


I am afraid, and indeed I do believe, 
that when the land ſhall be equally pre- 


pared, and the broadcaſt does not hap- 


pen to lodge, which it is more liable to 
do than the drilled, that the common 
ſowing will produce the moſt for one 


crop; but then the wheat crop conſumts 
two years, whereas the drill culture pro- 
-duces a crop every year after the firſt. 


« The 
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« The fact to be aſcertained by the 
two acres of ground already ſpoken of, 
ſeems to be, which method will pro- 
duce the moſt corn. But in my judg- 
ment, that is not the capital point. The 
fair queſtion ſeems to be, which of theſe 
two acres will produce the moſt money, 
in any given number of years, upon, a fait 
account of profit and loſs ; regard al- 
ways being had to the point of giving the 
common huſbandry two crops for every 
fallow. For the aſcertaining this capital 
and main point, my intention is, to keep 
the drilled acre under wheat for ſix or 
nine years; and the other acre under the 
common courſe of tillage for the ſame 
time. Ts Part nr T 

For the preſent I ſhall conclade'this 
ſubject, with only obſerving that wheat 
raiſed in the drill-huſbandry, will always 
bring a better price, than that raiſed on 
the ſame land in the common huſbandry , 
becauſe it will produce more flour, and 
is much finer. for ſeed- corn. And that 


i the 


: | 
J 
4 
al. 
* 
j 


r 


— — — 


7 „ 


2 r 
* — ä - - 


286 O DRILL-SO WING. 


the land undet the drill culture, is all- 


ways in high condition to be laid down 
for graſs,” which that under the common 


huſbandry is not.” 


Mr. Baker deſcribes his "Mey as a grey, 
ſtiff, ſtubborn, and infertile ſoil, lying 
upon a bed of limeſtone, at a ſmall depth 
below the ſurface. Vet we find, by his 


account, that two horſes were ſufficient 


for horſe-hoeing it; except, as he men- 
tions in another place, in very hot wea- 
ther, and then he uſed three horſes. His 
ridges are five feet broad, and he” drills 


two rows of wheat upon cach ridge. He 


gives but four horſe-hoeings to a wheat 
crop, and two of them with the miner, 
which is only a ſmall ſingle hoe, that 
goes under the ſur face; but it does not 
turn a furrow, and neither changes nor 
enlarges the ſurface, which is a great A. 
advantage to the growing and ſuceceding 


crops; no other inſtrument being ſo pro- 


per for that purpoſe as the horſe hoes of 
ſwing- plough. And perhaps it was wing 
| to 
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to this, and the intractable quality of Mr. 
Baker's land, that the ſuperiority of this 
hoeing culture over the common huſban- 
dry, was not greater than one pound 
twelve ſhillings and three e N 

farthings per acre. ce et 

Ihe ſaving of fo much Keb habs 
culture, is an object of very great im- 
portance: for half the common quantity 
is ſafficient in drilling upon level ground, 
or broad ridges, to be hand- hoed. And 
nearly the fame proportion is ſaved in 
cloſe drilling. But for horfe-hoeing, two 
thirds of what is fown” broadcaſt Nat 

very well be ſaved. iu 
Having ſhewn ſome of the highs 
that may be expected from this method 
of culture,  confirnied by the extenſive 
practice of ſeveral perſons, and on land of 
different qualities; I ſhall next lay before 
the reader, the principal objections made 
to it, particularly thoſe made by the au- 
thor of the Complete Engliſh Farmer; 
whoſe knowledge of agrieulture is on- 
ſpicuous ; 
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ſpicuous; but who appears to be preju- 
diced againſt the new huſbandry, ia re- 
gard to the cultivation of wheat. I have 
already taken notice of his miſtake re- 
lating to the wide ſpace between the 
rows ; and, as I proceed, ſhall make ſome 
obſervations upon his other objections. 
The reader, ſays this gentleman in 
his preface, muſt not expect, in a work 
like this, many new diſcoveries. It is no 
part of my deſign to amuſe the world with 
novelties. I am rather inclined to the 


practice of the old huſbandry, though I 


fully and frankly acquieſce in the prin- 
ciples of the new. My reaſon for this 


ſeeming contradiction is, becauſe I am 


not without ſome ſuſpicion, that, the 
mighty things which have been ſaid and 
written of the advantages accruing from 
the new, are deduced from experiments 
in /mall, or upon lands of a peculiar kind, 
and not from a general courſe of practice 


upon lands of all kinds, confirmed by the 


experience of any given number of years.“ 
| In 
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In anſwet to this objection I ſhall re- 
fer the reader to what is mentioned a- 
bove, concerning Tull's own ſucceſs, up- 
on land differing in quality, but moſtly 
light land; Sir Digby Legard's, all light Z 
land; Mr. Craik's and Mr. Baker's ſtrong 1 
land; and Mr. Deane's, of Woolhampton, 
near Reading, very ſtrong land, upon 
which he cultivated wheat in the way of 
horſe-hoeing above twenty years, with 
ſucceſs. Mr. Craik takes notice, that he 
began this huſbandry in a field, where 
the quality of the ſoil was, as near as he 
could judge, the average of all the land 
he employed in this culture ; and that 
the hoeing ſo much improved it, that his 
crops from it, after a ſix year's trial, con- 
tinued to be ſuperior to thoſe on his o- 
ther lands of the ſame quality, that were 
cultivated later in this manner. And Mr. 
Baker's experiments of the horſe-hoeing. 
and common huſbandry were made in the 
ſame field, upon lands adjoining to each 
other, and of the ſame quality, 
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«« But, ſay the favourers of this huſ- 

bandry, it is the uninterrupted ſucceſſion 
of crops upon the ſame land that gives the 
advantage. If that, indeed, could be 
obtained, and the labour remitted, the 
fact muſt ſtand confeſſed. But five or fix 
ploughings, or if you will, horſe-hoeings, 
are neceſſary in order to the growth of the 
preſent, and as a preparation for every 
ſucceeding crop; and five or fix plough- 
ings cannot be performed without a very 
conſiderable expence,” 
The author ſeems here to take it as a 
ſettled point, that five or ſix horſes-hoe- 
ings are the ſame, in point of labour and 
expence, as ſo many common ploughings. 
But ſhould he not have taken notice of 
what Mr. Tull has ſaid upon this head, as 
he frequently refers to his book on other 
occaſions ? 


* In plain ploughing, ſays Mr. Tull, 


p. 123, fix feet contain eight furrows ; 


but we plough a ſix feet ridge at four 


furrows—Now what we call one hoeing, 
| 18 
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is only 7w9 rnb of this ridge, Arhich 
is equal to a fourth part of one' plain 
ploughing; ſo that the hoeing of four 
acres requires an equal number of furrows 
with one acre ploughed plain, and equal 
time to do it in. Except that the land 
that is kept in hoeing, works much eaſter 
than that which is not. 

« All the tillage we ever beſtow upon 
a crop of wheat that follows a hoed crop, 
is equal to cight hoeings, two of which 
may require four oxen 214 , one of them 
three oxen, and the other five hoeings 
two oxen each. However, allow three 
oxen to each ſingle hoeing, taking them 
all one with another, which 1s three oxen 
more than it comes to in the whole. 

« The expence, then, of hocing fix 
acres in a day in this manner, may be ac- 
counted at one ſhilling the man that 
holds the plough, fix pence the boy that 


drives the plough, one ſhilling for the fix 


oxen, and ſix pence for keeping the tackle 
in repair, The whole ſum for hoeing 
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theſe ſix acres is three ſhillings, being fox 
pence per acre. But where there is not 
the convenience of keeping oxen, the 
hiring price of hoeing with horſes, is 
one ſhilling each time.” —80 that the 
whole expence of tillage to an acre of 
wheat, viz. for one ploughing to form the 
new ridges, and fix hoeings afterwards, 
if done by oxen, is four ſhillings, and by 
horſes eight.— But here it is to be ob- 
{erved, that this tillage was given to ſix- 
feet ridges, with three rows of wheat up- 
on each ridge. But when Mr. Tull al- 
tered his ridges to four feet eight or nine 
inches broad, and two rows upon each 
ridge, he found four hoeings were gene— 
rally ſufficient, as mentioned above. And 


uv hen he diſcontinued the ſix-feet ridges, 


that three ſmall oxen were enough for 
hoeing, at all times: for this he ſays in 
his addenda, p. 263. 

] now ule no oxen, properly ſo called, 
but only bulls, bought in at the time 
when they arc cheapeſt, and have them 

caſtrated. 


On DRILL-SOWING. 293 
caſtrated. Theſe are hardier than oxen, 
though of a leſſer ſize. Oxen being caſ- 
trated, while they are calves, grow much 
larger than bulls. We- never, put more 
than three of theſe (they are called ,bull- 
ſtags) to a hoe-plough.” | 

Add to this what is ſaid above of Mr. 
Craik's tillage, and Mr. Baker's, who uſed 
only two. horſes for hoeing, and hoed the 
crop only four times, and it will appear 
evidently, that the expences of ploughing 
the whole ground, and hoeing a fourth 
part of it are very different; and that 
four hoeings ſhould not have been 
charged, as the ſame thing with ſix whole 
ploughings, as the above author has ſup- 
poſed in the place above quoted, and in 
tome other parts of his work. I ſhall next 
proceed to what he ſays of weeding, in the 
preface. 

It is well known, ſays he, to thoſe 
who are accuſtomed to the culture of 
land, that in the intervals of well culti- 
vated ground, weeds ſpring up the readieſt 
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and thrive the faſteſt, and that it requires 
more than ordinary pains to ſubdue them ; 
that in certain rainy ſeaſons this is im- 
poſſible; and that in ſeaſons when it is 
poſſible, other buſineſs will ſometimes in- 
terfere, ſo as to make it very inconve- 
nient to catch every opportunity that of- 
fers; and yet if an opportunity is ſuf- 
fered to eſcape, the lapſe is irrecoverable. 
If ſuch be the critical ſituation of hoeing, 
and ſuch it moſt certainly is, in large 
concerns, can it be ſuppoſed that prudent 
men will riſque the ſucceſs of their crops 
upon ſuch uncertainties ?”? 

This, it muſt be acknowledged, is an 
objection of ſome weight; weeds being 
great enemies to farmers, in both the old 
and new huſbandry. The author, indeed, 
ſeems to think, that in the new huſbandry 
it is not poſſible to ſubdue them, and that 
if they are not ſubdued, they will deſtroy 
the crop. But we cannot in this caſe ar- 
gue fairly from the old huſbandry to the 
new; becauſe the farmers in the old huſ- 
5 b bandry 
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bandry are often bringing a new ſtock of 
weeds to their lands, in the dung and 
other manures they lay upon them, and 
can never totally ſubdue the weeds, by 
ſometimes a fallow, and the common 
change of crops. 

But in this reſpe& the horſe-hoeing 
huſbandry is very different ; no dung, or 
other manure containing any ſeeds of 
weeds,are laid upon horſe-hoed wheat; but 
on the contrary, the ſtock of weeds are di- 
miniſhed by hoeing and weeding ; and 
by that means they will be ſubdued, 
with proper care, which is neceſſary in 
every method of huſbandry. Mr. Craik's 
land is, indeed, an exception, as in ſome 
years he found it impracticable totally to 
ſubdue the weeds. But his ſituation is 
ſingular, and cannot be any juſt objection 
to the hoeing culture in general. Vet his 
courſe of two or three drilled wheat 
crops, beans, and turneps, is much more 
more profitable than the common courſe 
in the old huſbandry. It is undoubtedly 
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neceſſary that thoſe who would practiſe 
the new; huſbandry for wheat, ſhould firit 
make their land very clean by fallowing, 
or hoed crops of turneps or other large 
plants, and then it may be kept ſo; unleſs 
weedscan multiply by equivacal generation. 
« Moreover, in ſtiff clays, neither the 
drill nor the horſe-hoe can be intro- 
duced, generally ſpeaking, to advantage. 
Land of this ſtubborn nature can ſeldom 
be brought to ſuch a tilth as to admit of 
either; for land muſt be made very fine 
before the moſt perfect drill-plough that 
I have ever yet ſeen, can work with that 
degree of certainty as is neceſſaty to plant 
equally the reſpective rows: and in ſum- 
mer, when the afliſtance of the horſe- 
hoe is moſt wanted, ſuch foils are apt, if 
the weather be dry, to be ſo hardened as 
not to be removed without annoyance to 
the rows; and if wet, clay is ſo tenaceous 
of rain, and fo poachy, that any attempts 
to looſen the ſoil in that ſituation, would 
ſerve only to comprels it. The horſe- 
hoeing 
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hoeing huſbandry therefore can never b: 
the general huſbandry of England, where 
at leaſt two parts in three of the arable 
lands are clay.” | | 

A conſiderable part of the arable lands 
in England is ſtrong, but that they are 
clay, properly ſpeaking, will not readily 
be admitted. It is likewiſe undoubtedly 
true, that ſtrong ſtubborn ſoils are of dif- 
ficult culture, in every mode of huſ- 


bandry: but as appears above, not im- 
practicable in the drill culture. For it is 
to be obſerved, that ſuch ſtrong lands and 
even clays are cultivated for wheat in the 
old huſbandry, and with the ſame kind 
of inſtruments as are uſed in the new, to 
prepare them for drilling. Ploughs and 
harrows, and of late the ſpiky roller, are 
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the inſtruments employed to reduce and il 
prepare ſtrong land, to be ſown broad- 1 1 
caſt, and the very ſame are applicable to 
ſuch land to prepare it for drilling: for {0 
whenadrilledcropis carried off, the ridges 1 | | 
vpon Which it ſtood, are to be a $i 

or 7. 
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for another crop, as in common plough- 
ing, with this advantage, that above three 
fourths of theſe ridges are well prepared 
for it, being broke and reduced by the 
ſeveral preceding horſe-hoeings, and no 
long roots of couch, or other rank weeds 
in it, to bind the ſoil. And for the ſame 
reaſon, the middle of the ridges, upon 
which the two rows of wheat ſtood, be- 
ing only about fourteen or ſixteen inches 
in breadth, are more eaſily ploughed by 
two furrows, than can be done in com- 
mon tillage; where the land is ſometimes 
ſtale, and is generally bound and held to- 
gether by the roots of weeds or clover. 
The fact therefore is, that theſe ſmall 
ridges are more ealily cultivated and pre- 
pared for a ſucceeding crop of wheat, than 
can be done by the old huſbandry, in the 
ſame ſort of land. 

As to the objection that ſuch ſoils are 
apt, if the weather be dry, to be ſo 
hardened as not to be removed by the 


hoe-plough, without annoyance to the 
6 rows; 
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rows ; thoſe who have cultivated wheat 
with the horſe-hoe in ſtrong land, have 
not found this inconveniency, fo as to 
prevent that operation. The hoer's at- 
tention is engaged to keep his land in 
good tilth; and in dry ſeaſons and very 

ſtiff land, this is very difficult to be done 
with the plough or harrow. But Mr, 
Tull has recommended another inſtru- 
ment for breaking ſuch dry hard foil, a 
| ſtone roller, that is very effectual in the 
horſe-hoed intervals, which are about 
four feet wide, 

This ſtone cylinder, ſays he, p. 200, 
is two feet and a half diameter, and weighs 
eleven hundred weight beſides the lim- 
bers, muſt never be uſed but in the drieſt 
weather, when neither the plough nor 
harrows can break the clods, and then 
being ſo very ponderous and ſhort, only 
three feet long, it cruſhes them to pow- 
der; or into ſuch very ſmall pieces, that 
a very little rain, or even the des, if plen- 
tiful, will diſſolve them. 

I have 
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& I have had great benefit by this rol- 


ler, in preparing my ridges for turneps. 
The weather proving dry at midſummer, 
which is the beſt ſeaſon for planting them, 
the land was in pieces like horſe-heads, 
fo that there was no hopes of reducing 
them fit for planting with turneps that 
year; the clods being ſo very large that 
they would require ſo many viciſſitudes of 
wet and dry weather to ſlack them; but 
this inſtrument cruſhed them ſmall, and 
the plough following it immediately, the 
ridpes were harrowed and drilled with 
very good ſucceſs. 

„ have often made uſe of it for the 
fame purpoſe, in the middle of a cloddy 
field, where it pulverized the clods ſo ef- 
fectually, that the benefit of it might be 
plainly diſtinguiſhed, by the colour and 
ftrength of the two following crops, dit- 
ferent from the other parts of the field ad- 
joing on both ſides, whereon the rooler 
was not drawn, 


1. But 
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* But cruſhing has ſuch acontrary effect 
from ſqueezing, that if this roller ſhould be 
uſed when the land is moiſt, it would be 
very pernicious, by unpulverizing it; of 
which I am fo cautious, that ſometimes 1 
let the roller lie ſtill, for a whole year 
together.“ 

Such a roller, therefore, will ſpeedily re- 
duce the hard clods in the four-feet inter- 
vals, at any time in ſummer, and the 
pulverized earth being then turned up to 
the rows on cach fide by the hoe-plough, 
will not be liable to become hard again 
before the next hocing, when the ſame 
carth is to be turned from the rows of 
wheat into the intervals, which will not 
annoy the rows, whether the earth is then 
dry or moiſt. 

As to making attempts to looſen ſtrong 
land by the plough, while it is wet; that, 
as the author obſerves, would ſerve only 
to compreſs it, which is a truth known to 
every experienced huſbandman, and none 
ſuch do attempt to plough ſtrong land in 

that 
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that condition, with a view of looſening 
it. This is therefore no valid objection 
to the hoeing of ſtrong land, which, 
though not proper to be done while it 
is wet, can be ſoon brought into a pro- 
per temper for it, upon the return of dry 
weather, * 

To the objection relative to drilling, 
that the drill-plough cannot be introduced 
in ſtiff clays, the author ſhould have re- 
collected, that in preparing land for 
drilling the middle of the new ridges 
whereon the wheat is to be drilled, is 
compoſed of the mould of the former in- 
tervals, which having been ſeveral times 
horſe-hoed in the ſpring and ſummer is 
not ſtale and hard like common untilled 
land, but more reſembling land that has 
been well fallowed ; and if the owner 
thinks it convenient, he may plough up 
the intervals to form the new ridges, and 
drill upon the freſh tilth. But for doing 
this there is no abſolute neceſſity. The 
thares of the drill-plough, are not above 
an 
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an inch in thickneſs, and enter only 
about three inches into the ground. 
And without doubt a drill may be made 
to penetrate ſtrong land to this depth. 
Our author, if he has ſeen no other drill- 
plough but Mr. Tull's, may juſtly think 
ſuch not ſtrong enough for clays; but 


there is no difficulty in making one 
of ſufficient ſtrength to drill wheat upon 
very ſtrong land, prepared in the above 
manner. 

« New methods of huſbandry, conti- 
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nues Our author, that are to exclude the 


old, ſhould have every degree of evidence 
to ſupport them, that eaſe in the prac- 
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producing. They ſhould not only be 
more {imple and more expeditious in the 
execution, but more certain and more 
copious in their produce. If upon re- 


peated trials, any ſuch new method of F: 
huſbandry was to be propounded, and if 
the advantages of it were to be confirmed, 
by the moſt convincing of all arguments, 
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the enrichment of the practiſers, then in- 


deed nothing but obſtinacy, or infatuation, 
could be alledged for not relinquiſhing 
the old and embracing the new. But if 
upon an impartial compariſon of the me- 
rits of the new huſbandry, ſo ſtrongly re- 
commended in books, with thoſe of the 
old, ſo tenaciouſly adhered to by the body 


of farmers, we find the very reverſe of 


this generally the truth; it is to be 
wondered at, that a ſober and ſenſible 
ſet of men, ſhould adhere to the ſolid, ap- 
proved, and experienced maxims of their 
fathers; and that they ſhould reject this 
novel huſbandry, and refer it to leſs ex- 
perienced undertakers; who, like adven- 
turers into new regions, believing the re- 
ports of the firſt diſcoverers, expect to 
draw riches from every ſoil, and make a 
fortune upon every farm.“ | 

Whether the author's account of the 
hoeing culture may not contribute to the 
farmers diflike of the new huſbandry, 
and their declining to make any trial of 


7 It, 
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it, ſeems not improbable. The ſix-feet 
ridges, the manner of forming them, and 
the ſubſequent horſe-hoeings, deſcribed 
by the author, were as practiſed at firſt by 
Mr. Tull; but that practice upon fur- 
ther experience he exploded, and recom- 
mends one more ſimple and more profit- 
able. This ſhould have been propoſed to 
beginners : let any perſon read the ac- 
count given by Mr. Craik of this culture, 
and they will perceive with what eaſe it 
may be performed. Nothing difficult is 
found there, in the manner of forming 
the new ridges,. which differ in nothing 
material from the common practice of 
farmers, in forming ridges of the ſame 
ſize: the horſe-hoeings alſo, are per- 


formed in the ſame manner as common 


ploughing, and which every ploughman 


can perform, who can uſe the common 
ſwing-plough. The circumſtances of ike 
weeds ſpringing up.in Mr. Craik's, 1s an 
accident merely local, and by no means 
incident to this huſbandry in general, as 

| X | he 
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he has remarked, The profit likewiſe rs 
ſuch as might encourage any perſon to 
make trial of it, who has not been pre- 
judiced againſt it; and his drill-plough is 
of ſo ſimple a conſtruction, that any per- 
ſon may conduct it at the firſt trial, and 
may be made ſtrong enough to drill wheat 
upon any land prepared by this huſ- 
bandry. 1 

Notwithſtanding the author thus la- 
bours to depreciate the horſe-hoeing cul- 
ture, he ſpeaks candidly of the author of 
it; approves of the principles; and ac- 
knowleges that the old huſbandry has re- 
ceived great improvements from the new: 
as in the following paſlages. 

© But nevertheleſs, the memory of Mr. 
Tull ought to be held in the higheſt re- 
verence by every huſbanman, for his im- 
provement of the art of agriculture, It 
is from him we have learned the great be- 
nefit of frequent ploughings to pulveriſe 
the ſoil, which in ſome ſituations ſupply 


the place of dung. To him the farmer 
_ owes 
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owes the advantages arifing from cleanſ- 
ing and pteparing his ground, by ſowing 
of turneps, and improving them by hoe- 
ing. It was Mr. Tull who firſt intro- 
duced the drilling of peaſe, beans, vetches, 
ſaint-foin, &c. into field (culture, and 
ſhewed the advantages of hoeing and 
keeping them clean from weeds. ,, And 
it is from him, that the whole, king- 
dom have learned to raiſe more corn from 
leſs ſeed than evet was thought poſſible, 
before he ſet the example. Theſe are ſo- 
lid and ſubſtantial advantages, which 
have introduced an univerſal reform in 
huſbandry ; though his method of adapt- 
ing his own practice to his own principles, 
has not generally obtained.” See preface; 


p. 18. 


And p. 175. © It muſt be acknow- . 


ledged, that even the old huſbandry has re- 
ceived no ſmall improvement, by the diſ- 
covery of the genuine principles of the 
new. The advantages of meliorating and 


pulverizing the earth are better under- 
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ſtood, and I believe more generally prac- 
tiſed, than formerly; and the grand prin- 
ciple of all, that of frequently ſtirring, 
expoſing, and enlarging the ſuperficies, in 
order to ſupply, in ſome meaſure, the 
place of dung, is a diſcovery of vaſt im- 
portance. 

« While we hold theſe principles in 
view, we cannot go far aſtray : for all 
that ſeems neceſſary to be done, is to 
keep our land in ſuch a kind of tem- 


perature, as neither to be too hot nor too 
cold, too looſe nor too much bound, too 


wet nor too dry, too light nor too heavy; 
but in all our improvements to endeavour 
to approach as near as poſſible to that hap- 
py mixture which nature has exhibited to 
our imitation, in the rich meliorated 
black mold already deſcribed ; that whe- 
ther it 1s wrought by the ſpade, or barely 
turned up by the plough, diſplays its fer- 
tility by a voluntary diſcontinuity of its 
parts, and a grateful diſcharge of its fra- 
STANCE, 


e« This 
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« 'This ſeems to confirm to us the juſt- 
neſs of the Tullian principles, by point- 
ing out the neceſſity of ſweeting and me- 
liorating our land, by frequently expoſin g 
it to the action of the ſun, and air, and of 
ſeparating its parts by repeated plowings. 
Hence we may learn, that in preparing 
our land for any kind of grain, we ſhould 
be leſs ſparing of our labour than of the 


dung cart, and that of all compoſts, thoſe 


of earths with earths are the moſt na- 
tural.” 

The author's obſorvation is very juſt, 
that the mixture of earths is the moſt na- 
tural, and I may add the moſt laſting im- 
provement of land ; but the misfortune 
is, that it cannot in practice be generally 
introduced. The expence of it, in moſt 
caſes, is too great for common farmers; 
who being unable to make extenſive and 
laſting improvements in that manner, 
mult be contented to correct the imper- 
fections of their land with manures from 
year to year; the expence whereof is alſo 

X 3 very 
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very great, but not neceſſary to be laid 
out at once. | | 

Is it not a great recommendation of 
the horſe- hoeing culture, that the land re- 
ceives by it all the advantages above men- 
tioned? That it ſweetens and meliorates 
the ſoil, and more frequently expoſes it 
to the action of the ſun and air, than can 
be done in any other method of huſ- 
bandry. One dreſſing with dung, as 
ſtated by our author, and by other prac- 
tical hnſbandmen, coſts above five pounds 
per acre, which is more than three times 
the whole expence of an acre of horſe- 
| hoed wheat. 
h But to proceed, the objedtions made 


| 
: by the author to this huſbandry, ſeem to 
| ariſe from his own ill ſucceſs in ſome trials 
| he made of it; and not being particularly 
| informed of the ſuccelsful practice atlarge 
Wy of any other beſides Mr. Tull, as may 
* appear by what he ſays farther, p. 188. 

| And now after all, ſays he, though 
the caſualties I have met with, have ren- 


dered 
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dered me cautious of recommending this 

huſbandry to the general practice, in pre- 

ference to the old huſbandry, yet I cannot 

be excuſed, were I to conceal the real ad- 

vantages that attend it; and they are fo 

well deſcribed by Mr. Tull; that T _ 
give them in his own words. 

« Firſt, ſays he, we can augment our 
crops by increaſing the number of ſtalks, 
from one, two, or three, to thitty'or 
forty, in ordinary field land. 5 

« Secondly, by bringing thoſe ſtalks 
into ear. For if it be diligently obſerved, 
not half the ſtalks of wheat ſown in the 
ordinary way come into ear. 

„ Thirdly, by enlarging the ſize, and 4 
multiplying and filling the grains in the ai 
ears. 41 

« Thus, adds he, by encreaſing the | | 

number of ſtalks, bringing more of them 1 ; 
up into ear, making the ears larger, and 
the grain plumper and fuller of flour, A 
the horſe-hocing method makes a greater if 
X crop | 
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crop from a tenth part of the plants, than 
the ſowing method can.“ | | 
„Another advantage, continues our 
author, attending the new huſbandry, and, 
in my opinion, a very conſiderable one, is, 


that in wet ſummers, if any cars are 
blighted (or ſmutty) they ſtand erect, 


while the ſound ears bend almoſt down to 
the ground; ſo that a man may walk bes 
tween the rows, andclip off every blighted 
ear, without leaving one to affect the 
crop. 

As a very natural concluſion to this 
account of the culture of wheat in the 
new huſbandry, I ſhall produce ſome late 
experiments, becauſe manifeſtly derived 


from, and dependent upon the true Tul- 


lian principles. The firſt is authenti- 
cated by the relation of Dr. Watſon who 
has reported an experiment, made by Mr. 
Charles Miller, fon to Philip Miller, eſq. 
the celebrated botaniſt, by which it ap- 
pears— That having in the autumn of 1765 

planted 
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planted a ſingle grain of wheat, in the bo- 
tanic garden at Cambridge; in the ſpring 
of 1766 he divided the ſeveral plants that 
tillered from that grain, and tranſplanted 
them into freſnh earth, by which near two 
thouſand ears were produced from the 
firſt ſingle grain. On the ſecond of Jane, 
1766, in order to repeat-the experiment, 
he ſowed ſome grains of the common red 
wheat, and on the eighth of Auguſt. he 
ſelected a ſingle grain, which had pro- 
duced eighteen plants; each of theſe 
plants were planted out ſeparately; and 
ſeveral of them having puſhed out ſide- 
ſhoots, thoſe likewiſe were divided, and 
again tranſplanted; The whole number 
thus tranſplanted before the middle of 
October, amounted to fixty-feven plants; 
theſe remained through the winter vi- 
gorous, and in the ſpring of 1767, were 
apain divided and tranſplanted ; and from 
the middle of March to the twelth of 
April, hve hundred plants in all were 
produced, which were ſuffered to grow 
6 with- 
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without any further diviſion, and when 
ripe were gathered, and the number of 
eats thus produced from one grain was 
twenty- one thouſand one hundred and 
nine; ſome of the plants producing one 
hundred ears from a ſingle root, and ſome 
of the ears ſeven inches long.“ 

Another experiment mentioned by our 
author, was made formerly by Thomas 
Everard, eſq. of Southampton, who 


planted ſome wheat which he had ſteeped 


in a compoſition of his own invention, 
viz. ſtone-lime, nitre, and pigeon's-dung, 
with rain- water; aud then planted the 
wheat in ſingle grains about ten inches 
apart. Several of the grains produced 


ſixty, ſeventy, and from one eighty. ſtalks, 


with very large cars, full of large corn, 
many of the ears being fix inches long, 
and had above ſixty grains, and none leſs 
than forty. The ſediment that remained 
of the compoſition, he mixed with four 
times the quantity of common earth, and 


laid it up in the ſhade the whole winter, 
turning 
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turning it now and then to incorporate the 
mixture with the mould; and at the time 
for planting peaſe, he cauſed ſpade holes 
to be dug, about fix inches apart, and in 
every ſpade-hole he put a ſmall quantity 
of the mixture, in which a garden pea 
was ſet, and covered with the common 
mould. The reſult was, that the peaſe 
grew to an uncommon height, not leſs 
than nine feet, were furniſhed with' pods 
of an uncommon ſize, and ſupplied his 
table with green peaſe the greateſt part of 
the ſeaſon. | 

Theſe experiments ſhew the wonderful 
fertility of theſe plants in rich garden 
ground, and the advantage of allowing 
them room, to which probably, more 
than to the ſteep, was owing the great 
encreaſe of Mr, Everard's wheat: for we 
ſee that hoed plants multiply greatly in 


common unmannured ſoils, though not 


ſteeped. 
I have had from ten or twelve to twenty- 


eight ſtalks of wheat, each from ſingle - 


grains 
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grains planted in double rows, and the 


ears containing about forty. grains a 
piece, upon very ordinary land, hand- 
hoed: this is a great increaſe, though far 
ſhort of ſome of the above. In broadcaſt 


ſowing, ſome grains of wheat produce 


eight, ten, to eighteen or twenty ears, 
where they happen to ſtand ſingle; but 
in general, wheat ſown broadcaſt, does 
not produce two ears from each grain 
fown. For admitting that a middling ear 


contains only twenty grains, and two 


ſuch ears forty grains of marketable wheat, 
this is an increaſe of forty times the ſeed 
ſown. But the quantity ſown being at an 


average not leſs than two buſhels and a 


half per acre, forty times that quantity is 


one hundred buſhels per acre; which is 


probably near five times as much as is 
produced annually throughout England, 
on an average of years and crops, on all 
ſorts of land. By which it appears that 
four buſhels out of five ſown are loſt, or 


killed by froſt, devoured by birds, &c. 


« In 
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« Tn the proſecution of this experi- 
ment, continues the author, I cannot 
help giving this caution. That as'it ap- 
pears both from Mr. Miller's experiments, 
and from the experiment above related, 
that the grains of wheat muſt have room 
to extend their increaſe, care ſhould be 


taken in ſowing, that the ſeed may be 
ſpread as equally as poſſible, but not too 
thick. Upon moderately good land, half 
the quantity of ſeed thus prepared, may 
ſuffice, to what in the ordinary way is 
commonly ſown. I know how hard it 
will be to perſuade the huſbandman to 
practiſe this frugality: he may, how- 
ever, ſafely try a few lands at firſt, and as 
he finds the effect, let him continue, or 
diſcontinue the practice the future.“ 

The author here recommends thin 
fowing, though he before objected to the 
ſmall proportion of ground planted for 
horſe-hoeing; yet much more ſeed is al- 
lowed in that way than Mr. Everard's 
experiment. A gallon of common lam- 
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mas wheat contains about 80,000 grains, 
and fix ' gallons, the quantity uſually 
drilled upon an acre, for horſe-hoeing, 
contains about 480,000 grains, and upon 
Mr. Everard's land was planted at the 
rate of 62726 grains per acre; viz. the 
quantity drilled is above ſeven times as 
much as the other. The large fize of the 


ears in the experiment is mentioned, but 


not the crop produced upon any certain 
meaſure of ground. The increaſe of the 
horſe-hoed wheat, is from thirty to forty 
gallons for each gallon drilled ; and the 
increaſe from wheat ſown broadcaſt, not 
above one third part ſo much, though the 
broadcaſt is manured, the drilled not. 
This great difference is therefore owing 
to the hoeing culture, and keeping the 
land clean from weeds. | 
There is a method of culture lately in- 
troduced, as Mr. Voung takes notice, by 
Dr. Hunter of York, called the alternate 
huſbandry ; about three or four yards in 


breadth is ſowed with wheat broadcaſt, 
and 
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and the ſame breadth is followed, and thus 
alternately throughout the field. The fol- 
lowing year the wheat ſtubble is ploughed 
up for a fallow, and the laſt year's fallow 


ſowed with wheat. Some manure is be- 


neficial, but not ſo much neceſſary as in 
the common huſbandry. The crops ob- 
tained this way, are from twenty to 
twenty-four buſhels per acre. The gen- 

tleman who introduced this method, re- 
commends it for weak arable land, where 
manure 1s {carce. 

The author of the Complete Engliſh 
Farmer ſays that this method 1s liable to 
none of the objections which have hitherto 
retarded the progreſs of the new huſ- 
bandry, and yet it ſeems to promiſe all 
the advantages of it; being managed 
with the ſame inſtruments that the com- 
mon huſbandry ſervants have been accuſ- 
tomed to, that it is ploughed and ſowed 
in the ſame way, or nearly ſo, and may 
be hand-hoed if the weeds become rank. 
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the wheat is planted in rows; otherwiſe 
the ſame method of hoeing is equally ap- 
plicable to wheat ſown broadcaſt in the 
common way. 

« That this method, * he, will be 
profitable where dung is ſcarce, cannot 
be doubted : for it is now univerſally ac- 
knowledged, that though tillage has nat 
all the properties of dung, and therefore 
cannot wholly ſupply the want of it, yet, 
where it is properly performed, it does 
much more towards fertilization: than 
dung of itfelf can without proper tillage. 
And we may ſafely conclude from Mr. 
Tull's experience, that the longer any 
field is cultivated in this manner, the 
richer and more fertile it will grow. 

I know it will be faid by others, be- 
cauſe my ploughman has already ſaid it; 
What can you think to get by ploughing 
half your lands ? does it not double the 
rent? True, but it leſſens the labour and 
expences. Seed, and time of ploughing 


and ſowing are ſaved. But he adds, you 
do 
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do not intend to fave ploughing ; for in- 
ſtead of three times ploughing for wheat, 
if you plough as often as the weeds ſpring 
up, you mult plough once a month. Ad- 
mitted that in ſummer I may, this then 
will be fix times ploughing one half, 
which will be equal to three times plough- 
ing the whole; but this will be the 
greateſt part of my expence: 

« Dung, where my farm is fituated, 
coſts five ſhillings a load, beſides fetching 
two miles: three ſhillings a load, and to 
fetch it ſix miles; one ſhilling and ſix- 
pence a load, and to fetch it thirteen 
miles. Dunging an acre, at fifteen loads 
to the acre, cannot, therefore, be eſtimated 
at leſs than four guineas at an average; 
one half of which may certainly be 
ſaved. 

As to the produce it may be eſtimat- 
ed upon good authority, at three quarters 
upon an acre, This I report upon the 
credit of a gentleman, who firſt deviſed 
this new method; and I am the rather 


Y in- 
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inclined to believe the fact from this con- 
ſideration, that in moſt incloſures in the 
common method of huſbandry, the fur- 
rows and water-furrows take up a conſi- 
derable ſpace, and produce little or no- 
thing. In this method the furrows are 
made deep, as in the new huſbandry, up- 
on the edges of the intervals, and take 
nothing from the lands that are ſown: 
theſe furrows lie open all the winter, by 
which the ſuperfluous wet is drained off 
from the wheat; and then, when the 
ſpring ſeaſon returns, they are filled up 
with freſh carth from the interval, which 
gives vigour to the vegetating roots, and 
affords an caſy paſſage for them to ſpread. 
This advantage, with the additional til- 
lage, it may be preſumed, will ballance 


the deficiency of ground; eſpecially when 


it is conſidered, that Mr. Tull had often, 
upon two rows in ſix- feet lands, at the 
rate of five quarters of wheat on an acre.” 

This method, it is ſaid above, feems 


to promiſe all the advantages of the new 
huſ- 
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huſbandry, but upon a fair compariſon 
will be found inferior to ĩt. Let us, for 
example, take an acre of each, and admit 
that the crops in theſe two methods are 
equal, upon equal quantities of land 
lowed. An acre in the alternate huſban- 
dry is half of it ſowed with wheat; each 
ear, and the other half of it is fallow. 
And therefore when it is ſaid, that an acre 
in this huſbandy produces three quarters 
of wheat, it is to be underſtood, that a 
whole acre is ſowed with, wheat to pro- 
duce that quantity, and another acre un- 
der a fallow: otherwiſe, if meant of a 
ſingle acre, half cropped and half fallow, 
this would be fix quarters of wheat upon 
every acre ſowed, at an average. A quan- 
tity not to be expected from very good 
land; whereas the gentleman who intro- 
duced this method, propoſes it for thin 
weak land, where manure is ſcarce. In 
comparing the two methods, therefore, 
we mult reckon the expence and produce 
of two acres of the alternate huſbandry, 
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and compare them to the produce and ex- 
pence of one acre of the horſe-hoed. The 
crops in the two methods may be reckon- 


ed equal, and the expence as follows. 
New Huſbandry. 


One whole ploughing to form the new . 
ridges, 9 
Four horſe-hoeings with the hoe-plough, o 5 o 
Seed three pecks, at 5 ſhillings per _— 0 3:-0 
Drilling the ſeed, _ D070 
Hand-hoeing the partitions, — 0 2 6 
Hand-weeding the rows, — 8981 
Reaping, — o 2 0 
4. 1 


The hand- weeding is ſtated high, and 
twice hand-hoeing, though that is often 
done but once to a crop. The reaping 
uſually coſts about half the price of the 


ſowed wheat. 


The Alternate Huſbandry. 


. 

Six ploughings of the fallow acre, x *$ © 
Dung, — . 
Seed, ꝙ pecks, — — 8 
* one acre of wheat, — 0 6-0 
1 

The expence of the alternate huſbandry ! £ b 1 3 

exceeds the drilled, | 


— — 


Nothing 
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Nothing is chared for harrowing in ei- 


ther method, which is in favour of the al- 
ternate way, that requiring moſt harrow- 


ing. The ploughings alſo are charged but 
four ſhillings per acte, and to the hoed acre 
five ſhillings. It is ſaid above, that in the 
alternate method half the common quan- 
tity of dung may be ſaved; and here only 
one quarter is charged. Yet it appears 
that the alternate huſbandry, coſts double 
the expence of the drilled ; to which muſt 
be added the year's rent of the fallowed 
acre. Hence it is evident, that the hoe- 
ing culture is much more profitable than 
the alternate. 

If the land to be fallowed is laid up in 
one- bout ridges, the tillage may be done 
cheaper than when laid flat, or into 
broad ridges; and ſix ploughings may 
not be always neceſſary, though they will 
more improve the land than four or five, 
if the weather is favourable. On the 
other hand, the horſe-hoings will not coſt 
{0 much as above, if the double mould- 
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board plough is made uſe of, to turn the 
mould up to the rows, inſtead of the hoe- 
plough. 

I have charged ſome dung to the alter- 
nate huſbandry, in compliance with what 
is ſaid above, and by the deviſer of this 
huſbandry; and no doubt it will be of 
{ſervice in land not over-rich. There is 
notwithſtanding ſome reaſon to think, that 
dung is not neceſſary in this method, pro- 
vided care is taken to fallow the land very 
well, by repeated ploughings and harrow- 
ings throughout the ſeaſons, till ſeed-time. 
If the dung can beall ſpared, the expence 
of this method will be conſiderably re- 
duced, though not ſo low as the new huſ- 

bandry. 

The alternate huſbandry is ſuppoſed to 
produce three quarters of wheat per acre 
per annum ; which, at five ſhillings per 
buſhel, is fix pounds for each crop; from 
which deducting three pound three ſhil- 
lings and three pence, the annual expence, 
there remains two pounds ſeventeen ſhil- 


8 lings 
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lings and nine pence profit per acre, from 


weak poor land; a profit much exceeding 
the general run of arable land ſown with 


wheat without manure, or with a ſmall 


proportion of it; which ſhews that the 


crops are ſtated too high at the three 
quarters per acre on ſuch land, at an ave- 
rage. On the other hand, ſuch land in 
the horſe-hoeing culture, and no manure, 
will not at an average produce annually 
three quarters of wheat per acre. For 
though good land fo cultivated will pro- 
duce four quarters per acre, and as above 
mentioned Mr. Craik's crops were fo 
much, and Mr. Tull's often five quar- 
ters per acre on his beſt land; yet, by 
an account he took one year of the 
hoed wheat upon his land in general, 
amounting to above one hundred acres, it 
appears that the crop upon an average, 
was only about twenty buſhels per acre. 
And Sir Digby Legard's crops of horſe- 
hoed wheat upon the Yorkſhire wolds, 
was but about ten or twelve buſhels per 

Y 4 acre. 
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acre. He ſays, indeed, that bis crops, 
were ſo ſmall, partly on account of their 
want of experience at firſt, and that when 
ther hoeings were performed better, the 
land and crops, were much improved: 
though his firſt erops, imperfectly as they 
were managed, were much ſuperior to 
thoſe: of the common huſbandry there. 
The wold farmers in that part of the 
country have no manure for their wheat 
but the ſheepfold, and their average crops 
of wheat are but four buſhels, per acre. 
It is indeed very common in eſtimating 
cropg + to over-rate them, in every mode 
of huſbandry; andetherefore I have taken 
notice of thoſe chiefly that were authen- 
ticated by actual meaſurement. 
But though it appears upon the com- 
pariſon, to be a method inferior to the 
hocingiculture, it ſeems, in point of pro- 
lit, to: be-preterable tothe old huſbandry. 
The method does not much differ from 
that of the ancient Romans, of fallowing 
everyfecond year, which is (till the prac- 
| tice 
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tice in ſome parts of Italy and Switzer- 
land; though their fallowing ſeems to 
be very ſlovenly performed: for in the 
territory or neighhourhood of Geneva, 
where it is the common huſbandry to fal- 
low their fields and ſow wheat alter- 
nately, they have exceeding poor crops, 
viz. but about three buſhels in return for 
one buſhel ſowed. This we are aſſured is 
the common produce of that country by 
M. De Chateauvieux of Geneva, and that 
he had no more from his fields, which 
were cultivated in the manner of the 
country, and an exact account kept of 
the produce of them for many years. Nor 
were theſe poor crops wholly owing to 
to the native poverty of the ſoil, but to 
their bad culture. For when that gentle- 
man, in proſecuting the new huſbandry, 
had brought his land into good tilth, and 
ſubdued the weeds, his crops were greatly 

improved. 
Fallowing is beneficial to land, not 
pnly in conquering weeds, but likewiſe 
as 
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as it enriches the ſoil, to a degree equal, 
or even ſuperiors. to a common drefling 
with dung. But to have this effect the 
land muſt be often cultivated, and no 
weeds ſuffered to grow rank, much leſs to 
dry 3 is a ge fallowing, producing 
a crop, and at the ſame time remarkably 
improving the land; the following in- 
ſtances of this, from Mr. Tull, are very 
obſervable, p- 127. pn. 

A piece of eleven acres of a poor thin 
chalky hill, was ſown with barley in the 


common. manner, after a hoed crop of 


wheat, and produced full five quarters 
and a half to each acre (reckoning the 
tythe) which was much more than any 
land in all the neighbourhood yielded the 
ſame year; though ſome of it be fo rich, 
as that one acre. is worth three acres of 
this land: and no man living can remem- 
ber, that ever this produced above half 


ſuch a crop before, even when the beſt of 
the 
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the common management has been be- 
ſtowed upon it. | 0 "HOP 

A field; that-is a ſort of heath gtound, 


uſed to bring ſuch poor crops of corn, that 


heretofore the parſon carried away a 
whole crop of oats from it, believing it 
had been only his tythe. The'beſt ma- 
nagement that ever they did or.could be- 
ſtow upon it, was to let it reſt two or 
three years, and then fallow and dung it, 
and ſow it with wheat ; next to that with 
barley and clover; and then let it reſt 
agaiu: but I cannot hear of any good 
crop that it ever produced, by this or any 
other of their methods. It was till 
reckoned ſo poor, that nobody cared to 
rent it. They ſaid dung and labour were 
thrown away upon it, Then, immediately 
after two ſown crops of black oats had 
been taken off it, the laſt of which was 
ſcarce worth the mowing, it was put 
into the hoeing management, and when 
three hoed crops had been taken from it, 
of turneps and potatoes, it was ſown with 
barley, 
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barley; and brought a very good crop, 
much better than ever it was known to, 
yield before; and then a good crop of 
hoed wheat ſucceeded the barley : and 
then it was again ſown with barley, upon 
the wheat ſtubble; and that alſo was 
better than the barley it uſed to produce. 

Now, all the farmers in the neigh- 
bourhood affirm, that it is impoſſible but 
that this muſt be very rich ground, be- 
cauſe they have ſcen it produce ſix crops 
in fix years, without dung or fallow, and 
never a one of them fail. But, alas! this 
different repatation they give to the land, 
does not at all belong to it, but to the 
different ſorts of huſbandry: for the na- 
ture of it cannot be altered but by that, 
the crops being all carried off it, and no- 
thing added to ſupply the ſubſtance thoſe 
crops took from it, except (what Mr. 
Evelyn calls) the celeſtial influences, and 
that theſe are received by the earth, in 
proportion to the degrees of its pulve- 
ration.“ 


Another 
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Another example is given by him of 
the effects of good tillage, p. 21, as fol- 
lows. It is of late fully proved by the 
experience of many farmers, that two or 
three additional ploughings will ſupply 
the place of dung, even in the old huſ- 
bandry, if they be performed at proper 
ſeaſons ; and the hiring price of three 
ploughings, after land has been thrice 
ploughed before, is but twelve ſhillings; 
whereas adunging will coſt three pounds. 
This was accidentelly diſcovered in my 
neighbourhood, by the practice of a poor 
farmer, who, when he had prepared his 
land for barley, and could not procure feed 
to ſow it, ploughed it on till wheat ſeed- 
time; and, by means of ſuch additional 
ploughing, without dung, had fo good a 
crop of wheat, that it was judged to be 


worth more than the inheritance of the 
land it grew on.” 


Theſe examples ſhew evidently the 
improving effect of tillage, without the 
aſſiſtance of manure; but as in this laſt 
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inſtance, one crop only was obtained in 


two years, it might be doubted Whether 
ſuch huſbandry would be profitable if 
continued; we have an example of this 


in Mr. Maxwells collection; where 


ſpeaking of this circumſtance of the poor 
farmer mentioned by Mr. Tull, he re- 


lates one ſimilar to it, of a poor farmer, 


tenant to Sir John Paterſon, in Lothian, 
near Edinburgh; who being like wiſe un- 
able to buy ſeed for a field he had pre- 
pared for barley, continued to plough it 
till autumn, and then ſowed it with 
wheat; and reaped ſo large a crop, that 


he was thereby encouraged to extend this 


method of huſbandry to his whole farm; 
by which he came, in ſome years, to be in 
circumftances to have purchaſed the farm. 

This has nearly the ſame advantages 
with the alternate huſbandry. In the 
latter way the air has a more free paſſage 
between the ſowed lands, which is a be- 
nefit to the crop. On the other hand, 


when a whole field is fallowed, it may be 
more 
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more conveniently croſs-ploughed than in 
the alternate way. The great diſadvan- 
tage in both theſe methods is, that only 
half the land is ſown every year; and ad- 
mitting that an acre produces three quar= 
ters of wheat, when an acre is ſown, this 
is but half that quantity, or twelve 
buſhels per acre, throughout any extent of 
land cultivated in either of theſe ways; 
becauſe, as above obſerved, in the alternate 
method only half the land is ſown; and 
in the other the whole is ſown but once in 
two years; and both are loaded with a 
double rent: the horſe-hoed produces a 
better crop of wheat every year upon the 
ſame quantity of land, at à ſmaller ex- 
pence, alſo without manure, or the land 
being impoveriſhed; but on the contrary 


it will be improving annually, as appears 


ſrom experience. 
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MI3ZCELLANEOUS 


DISSERTATIONS 


ON 


RURAL SUBJECTS. 


On the force of running water, &c.—To compute: 
the quantity of water of a river, brook; Er. 
To make a half-ſecond pendulum for this uſe.— 
Of underſhot mills, and dimenſſons of one mea- 
ſured by the author. —T he velocity and quantity 
of water to this mill, and the work done by it.— 
Experiments to determine the velocity and quan- 

* tity of water through different apertur:s.—A ge- 
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, neral miſtake relating to them refified, A va- 
i lualle improvement in the wheels of underſbot- 
mills, -Of overſbot-mills, their advantages and 
} | - defe8s.—Compared with underſhot-mills from ex- g 
‚ periments.—Of breaſt-fhot mills. —T he dimen- 
[ |  fons of one meaſured by the author. —Theſe three : 
3 forts of mills compared.—The guaniity of water 
'F that each of them require. —T be quaniity of water 
. in the Thames, at Weſtminſter- ridge. Q he | 


J Fertè, impulſe, or momentum, of running water.— 
| | Of the bottomwork of mills and o:her machines.— 
1 The beſt method of conſtructing them, to prevent 
blawing.—Of coffer-dams made uſe of in build- 
ing the piers of briages. O Daggenham breath. 
O  Archimede's ſcrew-pump, and bite conv 
frutted, T% the beſt kinds of mortar, for tht: 
M bottoms of wwater-works, —Of making canals 10. 
| condu? water for mills and other engines. Ile. 
. "Praturer and  expence of making hem. 
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EXPERIMENTAL DISSERTATION 


ON THE 


FORCE of RUNNING-WATER, &e: 


HE extenſive uſe of water for 
mills and other machines is gene- 
rally known; but the manner of con- 
ſtructing ſuch machines, and the applica- 
tion of the water to produce the greateſt 
effect, is not ſuthciently underſtood and 


attended to; the conſtruction of them be- 


ing, for the moſt part, left to perſons not 


well ſkilled in the principles of mecha- 
nics and force of running-water. To 
give ſome aſſiſtance to thoſe who would 
ere or improve works of this kind, that 
they may receive the full benefit cf the 
L 2 water, 
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water, and make the bottom work 
ſtronger and more durable than is com- 
monly done, is the intention of this diſ- 
ſertation. 

In erecting mills two circumſtances are 
to be well conſidered, namely, what 
quantity of water can be obtained from 
the ſtream or river to be employed ; and 
to what head or height it can be raiſed : 
upon theſe two the force or effe of the 
water, and the benefit to be expected from 
it, principally depend. 

To know what quantity of water any 
river, brook, or ſtream will yield for this 
purpoſe, the depth and velocity of the 
ſtream is to be examined, under a bridge, 
or at ſome other convenient place, where 
the banks are perpendicular, and the 
ſtream is nearly of an equal depth and ve- 
locity. Having meaſured there ſix or 
eight yards in length, and placed marks 
at each end, then thrown in, a little 
above the uppermoſt mark, an apple, 


orange, or ſome other light body, that 
will 
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will partly fink into the water, and the 
reſt appear in ſight above it; and being 
provided with a half ſecond pendulum, 
obſerve what number of vibrations is 
made by the pendulum, while the body 
is paſſing from the upper to the lower 
mark in the middle of the ſtream. Re- 
peat this ſeveral times, ' which: being ac- 
curately done, the medium of theſe trials 
will determine, ſufficiently exact, the ve- 
locity of the water in that ſection of the 
river. 

A ſmall ball of lead ot braſs ſuſpended 
by a thread, whereof the length, from the 
point of ſuſpenſion to the center of the 
ball is 39,2 inches, ſwings ſeconds. And 
one of one fourth part of that length, viz. 
9,8 inches, ſwings half ſeconds. The 
thread may be of filk, or very fine braſs- 
wire may be uſed. Such a half-ſecond 
pendulum is very convenient for this uſe; 
but to make it exact, it is proper, before 
it is uſed, to compare it with a, good 


do clock, 
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clock, the pendulum of which ſwings ſe- 
conds. | 

Suppoſe, for example, that the length 
of the ſtream marked out was 22 feet, 
through which the body paſſed in 18 vi- 
brations, or 9 ſeconds : that the breadth 
; | $ of the river there was 12 feet, and depth 


. 1+ foot; theſe multiplied together, 
| 12 * 12 * I, the product 264 is the 
wh number of cubic feet of water in that 
| it ſection, which paſſes through it in 9 
it ſeconds ; this 1s 44 cubic feet of water 
1 per ſecond, that this ſtream would fur- 
BY nith for the uſe of the mill, at the time 
* the experiment was made. 
þ , Common river or ſpring-water is found 


by experiment to weigh 1000 ounces, or 
"Y 62 pounds ayerdupoiſe per cubic foot; 
44 cubic feet therefore weighs 2810 Ib. 


or 1 ton 5 cwt. and 10 lb. at 20 cwt. per 
ton. 


Til The velocity of ſuch a ſtream is greateſt 
v2 towards the middle of it, and at the ſur- 


face 


* as. — > or - L ly EX LT — 


RUNNING- WATER, &c. 343 
face of the water; being ſomewhat re- 
tarded in its motion near the ſides by the 
friction againſt the banks, and towards the 
bottom by weeds, ſtones, &c. And if 
the water is deep, it commonly runs quick 
near the ſurface, and flower towards the 
bottom : for which reaſon, in making 
this experiment in deep water, it is pro- 
per to uſe two balls, faſtened together by 
a thread, one ball to ſwim at the ſurface; 
and the other near the bottom. The top 
ball will go on foremoſt till the ſtring is 
ſtretched, and then both balls will proceed 
with the uniform motion of the ſtream. 
Theſe balls may be made of wax, and by 
incloſing in the balls a little lead, or ſome 
other heavy matter, the lower ball may 
be made of the fame ſpecific gravity. as 

the water, or a little more; and the 
upper ball to ſwim at the ſurface of the 
water, ſo as a ſmall part of it. to be juſt 
viüble. This is ſometimes neceſſary to 
prevent the wind having any effect upon 
it, 
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In the ſhallow places of a river, the 
water runs quick,. and flow where it is 
deep, and the ſame quantity paſſes through 
every part of it; for which reaſon the 
quantity found to paſs: through one ſee- 
tion, determines how much paſſes through 


every ſection of the river, for which one 


experiment accurately made, is ſufficient. 
When it is known what quantity of 
water a river will furniſh, the next thing 
to be conſidered is, to what height it can 
conveniently be raiſed. In low flat coun- 
tries, the higheſt head that can be ob- 
tained, is commonly from 4 to 7 or 8 
feet: but in ſuch ſituations, there is for 
the molt part a plentiful ſupply of water; 
and one of the greateſt inconveniencies 
there, is, that the rivers are very ſubject 
to be flooded ; by which the back water 
is raiſed upon the wheels of the mill, and 
frequently obſtructs them; and in winter 
and rainy ſeaſons, the mills are ſome- 
times totally ſtopped thereby for many 
weeks together: for the floods in theſe 
' rivers 
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rivers abate ſlowly, becauſe the water in 
them has a flow current. 

In hilly countries, the mills are ſup- 
plied with water from ſprings or brooks, 
with which they could do but little work, 
but that the water there can be raiſed to a 
high head, to 12, 14, or 16 feet, and 
ſometimes higher; and they are not ob- 
ſtructed by back-water. The principal 
inconveniency in them is, that they can- 
not work conſtantly in dry weather, but 
muſt ſtand ſtill part of the day, till the 
water is penned up to a head; and ſome- 
times they have not enough to keep them 
going for a great while. 

Though theſe defects cannot be wholly 
cured, either in high or low ſituations, 
yet they may in ſome meaſure be helped, 
by a better conſtruction of the water- 
wheels and bottomwork than they com- 
monly have, as will hereafter be ſhewn. 

When the ſtream of water that drives a 
mill paſſes under the wheels, they are 
called underſhot or groundſhot-wheels. 
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If the water is conveyed to the top of the 


wWheal, and falls upon it on the further 


de, it is called an overſhot-Whetl. And 


if the water falls upon the wheel on the 


inſide, near to, or a little above the cen- 
tex, it is called a breaſtſnhot- Wheel. 
In order to give a clear idea of the effect 


of water, I ſhall firſt deſcribe an under- 


hot corn- mill, as I meaſured it, together 
with the owner of the mill; a very in- 
genious perſon, well ſkilled in ſuch 
works. | 51 1 

This mill has three thoroughs, one for 
the. water .to paſs under a; wheel in the 
weſt thorough ; another with a wheel on 
the eaſt fide, and a waſte thorough be- 
tween theſe, to carry off the water, when 
one or both of the; wheels were not at 
work. The thoroughs are all nearly of 
the ſame width, and carried out to the 


ſame length, viz, 20 feet from the center 


of the wheels. Theſe thoroughs are not 
quite level at bottom, but decline 8; 


inches, from the center of the Wheels to 


the 
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the further end of the thoroughs; the in- 
tention whereof is to carry the water off 
quick from the wheels, and prevent the 
back water from riſing upon and ob- 
ſtructing them; and to prevent this the 
more effectually, the thoroughs are car- 
ried out to ſuch a length: for when the 
thoroughs are ſhort, the back- Water 
comes up almoſt to the wheels, and very 
much obſtructs their working: but the 
back- water being driven out to the fur- 
ther end of the long thoroughs, it cannot 
come up to the wheels,” not ate they at 
all or very little obſtructed by it, becauſe 
the preſſute of it is at the tail of the 
thorough, 20 feet diſtant from the 
wheels; for which reaſon it is the beſt 
way to make the thorough's ſtill longer, 
and to extend them to 25, or 30 feet be- 
low the wheels. | 

Underſhot mills cannot be built ſo as 
to be wholly free from back- water, 48 the 
overſhot may; becauſe the underſhot- 
mills are commonly ed in low flat 


countries, 
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countries, where it is difficult to obtain a 
good head of water, which in ſuch ſitua- 
tions would be lowered as much as the 
bottom work of the mill was raiſed higher 
than common. And as the height of the 
head water is a principal conlideration, 
thoſe who ere&t mills in ſuch low fitua- 
tions, are obliged to ſubmit to the incon- 
vcniency of ſome back water. For ſup- 
poſe the water in a river can be raiſed 6 
feet above the common ſurface ; when it 
has rained for ſome time, the water in 
the river riſes every where; and if that 
rite is a foot above its ordinary height, 
there will be in the thoroughs a foot of 
back-water, though before there was none. 
If the head-water could be allo raiſed a 
foot higher, or to ſeven feet above the 
common ſurface, this would ballance 
the riſe of the back-water, as the riſe at the 
head would cauſe the water to iſſue 
through the penſtock with a greater velo- 
city than it did before, and by that means the 
tail or back-water would be driven out of 


the 
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the thoroughs. But this cannot be done; 
the head-water muſt not be raiſed higher 
than 6 feet, to which the mill was at firſt 
adopted; but all above that height muſt 
be drawn off waſte, through fluices 
placed in the bank above the mill, other- 
wiſe it would overflow the banks there; 
and run into the mill; and alſo overflow 
the neighbouring lands. 

Plate III. fig. 1. S Wis the head of water 
of this mill. SS, is the ſurface of water 
when at full head, and s V the depth or 
height, 6 feet. Sm the penſtock, which 
ſtands oblique to the wheel, a, 6, c, d. 
at an angle of 45 degrees from the per- 
pendicular. This is a greater inclination 
of the penſtock than is common in 
ground ſhot mills, and was made ſo here, 
that the aperture in the penſtock might 
ſtand near to the float-boards, and cauſe 
the iſſuing water to ſtrike upon them 
with the greater impulſe, 

S nf is the gate of the penſtock, which 
{huts down to the bottom , when the 


mill 


359 ON Tr "FORCE 68 / 


mill. is, not at work; and when it is at 
work, the gate is drawn up towards /, by 
which a paſſage is made for the Water to 
iſſue through the aperture Vn, which 
ſtriking upon the float⸗boards, as at e h, 
turns the water-wheel 2 6 C de. To 
ſhew this the more plainly, the float- . 
boards are repreſented here deeper from 
to , than their juſt proportion. 
The two water-wheels have each 24 
float- boards, faſtened perpendicularly to 
the outward ring or ſole of the wheel, 
abc de. It is difficult to determine 
what number of float- boards are the moſt 
proper; and at what diſtance they ſhould 
be placed upon the wheels, to receive the 
impulſe of the water to the —_— 105 
vantage. . 
If the gate of the penſtock, Sf, when 
the water is at a common head, is drawn 
up to /, and the aperture, fm, is then 6 
inches deep for the water to paſs, and the 
floats are twice the depth of the aperture, 


or 12 inches, as the floats 4% c, and 
6 E 25 


; = 
+ 
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e k, and placed upon the wheeFar ſuch a 
diſtance, that the exttemity ef the QXx! 


moſt. float-board, E, when it riſes 6 4 | 
inches perpendicular ſhall be at entirely A 
clear of the current in the thorgogh the 4 | 
following float a, /, willi then juſt enter 5 f j 
the ſaid current at /, and the: middle float, 1 
c h, will receive the impulſe of the whole 1 | 
current, without being retarded by either 1 | 
of the two other floats. But by this diſ- 4 
poſition, when the floats. arrive to-b 7, W 
and di, ſome of the water will eſcape un- 1 
der the floats at g and i, as 7 g, and be 80 
waſted, becauſe it makes no impulſe on El: 
the floats, while in that poſition.” On ; 
the other hand, if the floats are placed near 79 
together, the iſſuing ſtream cannot ſtrike 10 
fully againſt the middle float; and the þ | 
current will be obſtructed by the foremoſt 1 


float, while it is tiung. A medium num 
ber, therefore; ſhuuld be choſen, which 
ſeews to have been neurly obſervedſin the 
floats of theſe Wheels, as this mill dbes' 
as much work as mt ftiothers;* that Have 


„ 


W 


wheels 
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Wheels of the ſame dimenſions, and the 


ee (206A 'o Hen 503 nete 
un sun 2d 16 bag : 2919501 v 10 fed. qu. 
The djameter of the welt wheel 1 12 uf 
The depth öf the floss 98 0 
Hiatt) factuding the do. boards 12 0 
1 10 Not duft: * —— 
The diameter of the eaſt ehe is nach ee 
Depth f the Hats 1 


Linen 
Tal di imaer of this wheel, the foals 1.4 11 8 


1. »;Cluded, is 40 E 
The Aoathoards both Vheels arc of che two ns * 
„ t length, A Ito 4 . 


ry I6 19608M gz a1 50912 ws 
The welt wheel, with. one Wet * 
tackle, drives ar pair oh French, {mills 
— for grinding wheat ;, and with the 
* part drives, two bolting t to 
dreſs the flour. 1 
„The. eat water wheel * 4 eit of 
F rench mill-ſtones, for grinding wheat, 
and one pair of Cullegor, Peak myll-ſtones, 
to. rin d barley for, hg meat. 4. 
The" full head of, water that this il 
can "pen up to, is 6 ſect. With this 
head, or an inch gr two lower, the welt 
wheel 
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wheel grinds 5; buſhels of wheat an hour, 


when the gate of the penſtock is drawn 
up 6+ or 7 inches; and at the ſame time 
works the two bolting mills, and dreſſes 
the flour. The bolting-mills are light, 
and do not require much force of water 
to drive them, When the water is kept 
conſtantly to the full head of 6 feet, the 
weſt wheel will grind 5 buſhels of wheat 
an hour, when the gate of the penſtock 
is drawn up only 5+ inches; for there is 
ſome difference in the manner of grind- 
ing. A perſon who occupied this mill, 
ſome ſhort time before the above menſu- 
ration, kept up a good head of water, 
and when the mill was at work, drew 
up the gate of the penſtock 9 inches, 
which made the mill go fo faſt that the 
flour was heated and damaged. In ge- 


neral, this mill, with a full head, and the 


gate drawn up about 6 inches, will 
grind 5 buſhels of wheat an hour, and 
dreſs the flour at the ſame time. <þ 

A 2 8 
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It was a the cuſtom, at the 
diſtance of 40 miles or more from Lon- 
don, to uſe Cullen millſtones, with which 
this mill would grind 8 buſhels of wheat 
an Hour, without drefling the flour; 
which was not done than in the country, 
It was then ground only into meal, and 
the meal ſent to London, and dreſſed there. 
A mill for grinding wheat, if worked 
every day, ſhould have two pair of French 
millſtones, one pair to work, while the 
other is drefling and cooling, which is 
done about once a week. 

In order to calculate the. quantity of 
water expended i in driving an underſhot- 
mill, it has been ſuppoſed, that the 
ſtream iſſuing through the aperture in the 
penſtock, entirely fills the apertute dur- 
ing the time of its running; and that it 
iſſues with the fame! velocity that a body 
acquires by falling in vacuo from the 
the ſame height that the center of the 
aperture is from the ſyrface of the water 


above it. s Wk 2: 
00 9 
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It has been found by experiment, that 
a body in vacuo, accelerated. by gravity 
falls a 6,091 3, feet, or nearly 16 feet and 
1 inch per ſecond z but will not in 
that time deſcend ſo far in air, being in 
ſome degree retarded by the reſiſtance of 
the air; in which its fall may, in even 
numbers, be reckoned at 16 feet per ies 
F RON GS 
The velocity of water ;fving through 
equal vertical holes, is in a ſubduplicate 
ratio of the height of the water above the 
center of the holes, viz, through holes at 
four times any depth, the velocity will 
be double to that through equal hgles 
of that depth below the ſurface of the 
water. Thus through a hole at 16, feet 
deep, the velocity is doubleot that through 
a hole of 4 feet deep. 15 
The velocity of water though an 121 
ſquare vertical hole, the center of which 
is two feet under a ſurface or head of 
water, kept conſtantly to that height 
above the center of the hole, ought 'to 
A a 2 be 
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bengarly. I, 34 ſcet p per ſecond, And if the 

goth it during that time, quite filled, the 

quantity expended will be the ſame; gs if it 

was a 8 ſolid body of ice. having a baſc an 

inch ſquare, and 1 1334 feet in length, con- 

taining I 36,08 cubic inches. But Dr. 

Deſagoliers found, by repeated trials, 

that an inch ſquare hole, at two feet un- 
der the ſurface, yielded but 5,06 tons an 

21291. 

25 115 which multiplied by 35,68, the 
feet i in a ton of water, is 1805, 

cubic feet an hour, which is 86,6! 592 cu- 
bic inches, or, 7.2216 feet in length per 
ſecond, that paſſed. through this ſquare 


1 hole, by the experiment ; ; bar actofding 
to the ruſe of falling bodies, it _ to 


round hole of 3 lines viſion the center 
of whi ch Was 13 Paris feet below the ſur- 


| face of the” water, gave 14 Paris pints in 
a minute, whereof 5 made a cue foot, 


Paris meaſure.” See his Hydroſtatics, p. 
167. 


A 
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A Paris foot is to the Engliſh foot as 
1068 to 1009, and therefore 13 Paris feet 
are, equal. to 13,884 Engliſh feet; and'by 
the: rule, the velocity of the water ata 
from ja; hole at this depth under the für- 


"2 67s "4 {ot} SaSe. 


face is 13, B84.x 64,2882, or 29, 876 bl 


1D 


Engliſh; feet per ſecond. Bot. ab above 1 
there iſſued through this Bete a cylinder N 
of water of 3 lines in Speer? op 1 
19,4908 Paris feet, in length, in a fe- 3 | 
cond, which is 20/7841 2 We in A 


length in a ſecond, by experiment, in 1 ead 
of 29,376, Engliſh feet per ſecond ws - 


ON} 210 115 


his Hole, ſhould, ! Have giver 2% by. woe 


rule. 2184 : » £ 
1114 £40013 beg, 381 ,baoast 


Tbe firſt of theſe ex eriments gives a 


V4 L0H 


little leſs, and the ſecond gives alittle more 


2013 ©f 


than + of. the,quantity, determined by the 
ruleof falling bodies., We max, erg ore, 


*  wWWaAkw 


near the quantity that innen, 80 
through ſmall qrifices's and, that it is 


of what they ſhould give by the, rule. 
| AN 3. 12210 21267] it 
31 
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| It is a material enquiry, from what 
'tauſe it happens, that the real quantity 
Ziven by ſach ſmall orifices, falls ſo much 
ſhort of what they ought'to give by the 
rule; a circumſtance not taken notice of 
by thoſe who have tried ſuch experi- 
ments, but who in general ſuppoſe that 
the quantity given correſponds, with the 


rule; or do not aſſign the cauſe why it js 
otherwiſe. | 


The deficiency muſt ariſe either from 
the velocity, or the quantity, falling ſhort 
of the rule. That the velocity correſponds 
nearly with the rule, appears from jets of 
a moderate height, which when well ex- 
ecuted, riſe very near as high as they 
"ought to do by the rule. And likewiſe 
becauſe the quantity given by holes of 
equal dimenhons, is nearly as the ſquare 
roots of the heights of the water above 
them, which alſocorreſ ponds with the rule, 

And that the deficiency is in the quan- 
ity, : _ not in the velocity, appears ſtill 


er 0 


Y 


4&3 ? | 
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more clearly from an experiment rejaed 
by Mr. Clare, in his Motion of | LOSE: 
89. © An experiment, ſays he, Was 
curately made by Dr. Deſaguliers, of the 
running of water. horizontally, thraugh,a 
hole g of an inch. in diameter, che genter 
whereof was juſt 4 feet below the uctage 
of the water, of a veſſel kept always View 
This vein of water ſo contracted 8 
that at half an inch diſtance, from the 


hole, that i is where it ſeemed, chingeſt, it 


* 
114 ' 


meter, made in a tin n plate. . h By after- 
wards weighing the 6 We Pl the 
water produced, and reducing it to a y- 
linder of half an inch diameter, or ſome- 
thing under, it appeared, that the. velo- 
city of the water iſſuing, was the ſame 
as a drop of water would have acquired in 
falling the height of 4 feet in vacuo. Ia 
this caſe therefore, we. are not to call the 
hole or aperture 5 but + of, an inch, in 
diameter; and that we may always con- 
fider as a hole without friction, with 

Aag which 
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Whidly the theory avili: ſufficiently correſ- 
| Seid. Ei 1501 .;ovin bib 21 yimratup od at 
lt t:alſo obſervable, ihatenrater afluing 
throughoa mall hole, daes inet vun ina 
full body, equal in dimanſtons th the 
atea af the hole. as n bötlyi of ice would 
paſs that cxactly filled the ole. But this 
watery iſſues with a: circularuby: twiſting 
motion through 4mall- holes, and:forhes 
what fimilariin larger; and by that means 
they do not give the full quantity that 
might othet wiſe be expected, if they ran 
wich a full ſtteam equal to the hole. It 
was for this treaſon, and ipartly from the 
frictian of the water againſt therfides:of 
the hole, that in the above axperiment 
made by Dr. Deſaguliers, the 1 
was ſo much ſhort of the rule. 
The areas of circular holes are to each 
other as the: ſquares of their diameters; as 
in the preſent caſe, the diameter of the 
hole in the veſſol being: 5;otheoarew is!2g, 
which is the quantity it ſhould have gi- 
ven; and the diameter of the hole in the 
29 flont tin 
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tin phate ybeingi4;/tthevarewas! r whithy 
is the quantity it did give; that is, che 
quantity from the veſfel was about Hof 
what it ought to have given, agteeable tb 
the above experiments; and tlie def 
ciency was in the quantity, and not in 
the velocity. The cauſe of this great des 
ficieney in ſmall holes, is prineipally from 
friction, and the twiſting motion: 
Inrlarge apertures; the friction is not 
proportionally ſo great, as in the ſmall; 
but in theſe the deficiency” is alſo very 
great from other cauſes. The large body 
of watet neceſſary to ſupply ſuch aper- 
tures, muſt come from ſome diſtance all 
round them, and meeting at the aperture 
in all directions, cauſes an irregular and 
inteſtine motion there, which obſtructs 
the free paſſage of the water, ſo that the 
deficiency is often as yu as Amn the 
ſmall holes. 

That we may apply this. to the abied 
underſhot- mill, whereof: the head is 6 
feet * the gate being drawn up 6 

inches, 
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inches, and the aperture 38 inches wide, 
the area through, which the water paſſes 
to the flats, is 38 56 228 ſquare inches, 
or 1,8333 quatre foot. And as the cen- 


ter of that aperture is 5 feet 9 inches, or 
5.75 feet under the ſurface, the velb- 
city of the water is 19,2645 feet per ſe- 
cond by the rule, which multiplied by 
the area of the aperture 1.58333 gives 
30, 447 cubic fect for the quantity of 
water expended per ſecond; but, as we 
have ſhewn above, the real quantity is but 
about of this, viz. only 20, 29418 cubic 
feet per ſecond, which is 2038, 6453 tons 
an hour, to grind and drels 5 buſhels of 


heat. 


This is a much greater quantity of 


Water than is ncceflary for overſhot and 
breaſtſhot-mills, to grind the ſame pro- 
portion of wheat ;z and if they required 


as much water, very few mills would be 


erected, But underſhot-mills being built 


upon rivers, have a large ſupply of water, 
through the gteateſt part of - the” year. 
This 
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This mill, which is upon a ſmall river; has 
water enough to work conſtantly about 
half the year, and during that time gtinds 
about 20 loads of wheat per werk, 40 


buſhels to the load, 9 gallon meaſure: 


but the other half of the year] can grind 
and dreſs but about half that quantity; 
as thete is not water enough then tõ keep 
the mill conſtantly employed; but all the 
gates mult be frequently ſhutdown, till 
the water riſes to a full head. 

This inconveniency would wholly, or 
in a great meaſute, be removed by a dif- 
ferent conſtruction of the water-wheels, 
which if made 18 or 20 feet diameter, 
and the floats 6 feet wide, this mill might 
be worked conſtantly throughout the year, 
gtind and dreſs 5 buſhels an hour, with 


the quantity that is now reckoned ſhort 


water; and do more work with a full 
ſupply of it, than can be done at preſent. 
But the improvement 'would” be ſtill 
greater, if this was made a denn dn. 
as will appear hereafter, 
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o T'T A 
la order to 1 the force of 


wütet upon the wheels of a mill, it is! 
5 to know their velocity: for that 
purpofe I meaſured the velocity of che 
Welt wheel of this mill, by a half ſecond 
pendulum, and found, by repeated trials, 
that, When at work with a full head, it 
revAved'Full 18 times in 60 ſeconds; 
and I hade found that the wheels of ſome 
other corn-mills of nearly the ſame cons 
ſtruction and diameter, revolved at the 
ſame rate when in full work, with: an 


equal head of water, 

The middle of the apertvcs: "bag 2 
inches, the greateſt. impulſe of the iſſuing 
water is it that height upon the floats, 


which being deducted from x2 feet; thete 
remains 11,75 feet for the diameter of the 
weſt wheel, ahd the circumference at that 
diameter is 36,928 5 feet, which as above 
revolves" 18 times in 60 ſeconds, or 
1 1,0786\eet per ſecond, for the veloeĩty 


of the wheel, which is above balf the ve- 
= 6 „80150 n ageity 
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13970 7 


is of the water,,.asOt iſſues from the 
aperture inthe, penſtock. 
Monſieur Parent's maximum is, that. a a 
underſhot-wheel can do the moſt work 
when its 'velogity-is equal to one third ot 
the velocity of the water that drives it. 
This would be nearly; true, if the aper- 
ture did give the full quantity of water, 
with the velocity of bodies falling in va- 
uo. But, as it has been ſhewa above, 


* 
328 


that though the water iſſugs through the 


penſtock with that velocity neatly, yet as 
the iſſuing ſtream fills but g of the aper- 
ture, it can haye but of the effect of the 
Full quantity g and. hams that an un- 
derſhot- wheel can do the moſt «work 
when the, velocity of the; wheel ,is equal 
to one third of, the velocity. of the, iſſuing 
water, according to the rules of falling 
bodies, and two thirds of the quantity of 
Water that the aperture, would, give, if 
te, iſſuing water. quite filled the aperture. 
Oomputing, therefore, the effect | of 
water through ſuch apertures, without 
regarding 
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regarding the quantity they give, Mr. 
Parent's rule will be right, that an un- 
derſhot-wheel can do the moſt work 
ben its velocity is one third of the velo- 
city, of the water that drives it. 

But if we take the quantity and velo- 
city both into the account, the water in 
that caſe has the greateſt effect when it 
moves with only twice the velocity of 
the wheel. Agreeable to this, Marriotte 
fays, P+ 136; that the wheels of the 
mills upon the river Seine, at Paris, have 
at their circumference but half the velo- 
city of the running water that ſtrikes 
againſt them. And that the ſame pto- 


portion is obſerved in the wheel of the 


pump of the Samaritain. For here the 
impulſe is made by the full quantity of 
water; every foot ſquare of the float - 
boards, is impelled by a body of water of 
the ſame dimenſions; whereas the body 
of water iſſuing through a penſtock, up- 
on the floats of an underſhot- Wheel, is 


really 
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really but * of the dimenſions of ESL 
tute, as wa hove ſhe wn above. 
There is ſuch a large ſupply of water ĩn 
rivers, that the mills, as they are uſually 
conſtructed, cannot make uſe of it all, in a 
full water, and much of it is then drawn 
waſte, through the waſte tborough of the 
mill, and through ſluices placed for that 
purpoſe in the banks above the mill. But 
in floods, all theſe are not ſufficient j the 
water tiſes every where in the river, and 
the heels are ſtopped by the back - water. 
This is a great abatement in the value 
of mills ſo ſituated: for ſometimes they 
cannot work for weeks, and even months, 
together. Any cheap method, therefore, 
that can be contrived to keep theſe tnills 
at work in a full Water, and in floods, 
muſt be acceptable to the owners und 
occupiers of ſuch millss 2 25600 
The float-boards of ſuch: mills are com- 
monly but about a foot deep, and for that 
reaſon. cannot drive out two orthreeifeer 
deep. of back-water, but by drawing the 
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gate of - the penſtock higher than com- 
mon, and enlarging the aperture for the 
paſſage of the water, that may be done, 
provided the float-boards of the wheels 
are adapted to the aperture. This may 
be done by making ſliding float-boards, 
to be drawn out or put in occaſionally. 
The ſole of the wheel ſhould be placed 
nearer - the center; and in floods, the 
float-boards ſhould be drawn all out alter- 
nately. As ſuppoſe the wheel has 24 
floats in a common water, the boards of 


12 of them are to be taken out in time of 
floods. It is not neceſſary that all the 


boards of theſe 12 remaining floats ſhould 
be moveable, thoſe next the circumference 


of the wheel, of about a foot deep, may 


continued fixed, and if boards are made 
to {lide on about two feet more, may be 
ſufficient. 

This method is yet very uncommon, 


though a great improvement; but as 


ſome perſons may doubt the effect of it, 


and whether a back-water of two or three 


feet 
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feet can be driven out in this manner. 1 
halt ſhew the force of the Head - water 
when this alteration is made jofuſt pre- 
miſiug / that the floods in the T hames ſel- 
donxłiſe much higher than two ſeet above 
the level ot a commom fullavater: but n 
rapid givers, avvhere the floods: niſe ta a 
great heighiti theattuſeldom of ſhohlong 
contimuanceus to tender ſuch ptecautions 
nevetfary,/' if the mills are etacted ina 
propet᷑ ſituatiom dq o i .viatza 
Suppoſe the »baek+water> is two feet 
deep upon ten eel, and the floats are 
alſo madd of that depth by additional ot 
ſliding - hoards. Draw up the gate of the 
aper ture . ill then be ; fret below the ſur- 
face or the head tsvater, the quantity ex- 
pended vill. be tb cubic feet per ſe- 
cond, iſſuing through the penſtock Wich 
a velority of 17, 928 ſect per ſecond; 
but turns the wheel with only a bogt half 
that velocity, or 83964 38-per- eee 
_ diſcharged» at that rate” iaparttla 
B b wheel, 
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wheel, has a velocity more than ſufficient 
to drive out the back-water. 3 

A gain, if the back-water is 3 feet Fan 
the floats made ſuitable, , and the gate 
drawn up 3 feet, the center of the aper- 
ture will then be 44 feet below the ſus- 
face of the head-water. The quantity 
diſcharged i is 8,9722 Cubic feet per ſecond, 
iſſuing at the aperture with a velocity of 
17 feet per ſecond, and half that velocity, 
viz. 8g feet at the wheel and thorough... 

Hence it appears, that by drawing up 
the gate 2, 3, or more feet, there is water 
ifuing from the aperture with. a ſuf- 
ficient velocity to drive out the back» 
water, and the ſame at intermediate diſ- 
tances, if the floats are made of a proper 
depth, by the fliding-boards : by which 
the motion of the millſtones are likewiſe 
regulated: as it may alſo, where they go 
too faſt, by ſetting to work another pair 
of millſtones, or by drawing off ſome of 
the head-water through the waſte-gates 
in the banks aboye the mill. _— 
s Ot 9vlov97 87 J. — 
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Overſhot mills are very differentftoin 
thoſe we have been "treating of. They 
are not ſupplied with near ſo much water 
as the underſhot-mills, but that defi- 
ciency is in ſome meaſure compenſated by 
wheels of a larger diameter; by their 
having buckets to the wheels, which re- 
tain the water through part of their revo- 
lution, and give them an impulſe both by 
its weight and velocity; and alſo that 
they are not obſtructed by back- wanne if 
erected in a proper manner. 
This circumſtance is not always duly 
attended to, in building theſe mills; for 


back-water is a greater obſtruction to 
them than to the underſhot; and cannot 
be drove out by their head- water, a as it 


_ in the underſhot. 

To explain this it is to be obſerved, 
that water falls on the inſide of the wheel 
of an underſhot-mill,-and it revolves 1 in 
the ditection abc de, Fig. l. but the 


water falls on the outſide of an overſhot 
3C43 T3 
wheel; which cauſes it to revolve in a 


B b 2 con- 
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contrary" direction; by which means it 
drives the back-water up towards the 
bead, where it is contindally preſſing 
upon the buckets, and obſtructin g the re- 


volution of the wheel. For this reaſon 
the mills ſhould be built high enough to 


avoid any back-water, and may be eafily 


done in their firſt conſtruction; the high, 
or quick declining ground, upon which 
overſhot-mills are erected, generally ad- 
mitting of the head- water to be raiſed to 
ſuch a height, that raiſing the bottom 
work above the level of the back- water, 
will not make much difference in the 
force of the water that falls upon the 
wheel; or may be compenſated by larger 
buckets, or a little more breadth 1 in 1 the 
wheels. | 
Overſhot-mills require a great deal del 
water than the underſhot to do the ſame 
work. Mr. Beighton deſcribes an over- 
ſhot-mill at Nuneaton, in Warwiekſhire, 
as a good. one. The water-wheel is 16 
feet In diameter, and has 30 buckets, 


2 2 
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17; inches wide, 19 inches deep, and. 4. 
broad at the, bottom, and-their diſtances, 
from each other at top, is the ſame as the 
width, viz. Dee e 
The water is raiſed 235 feet high ahoye 
the bottom work of the mils and. the, 
head-water is 7: feet aboye the top of the. 
wheel. At the bottom, of this head- 
water there is a trough or trunk, 12 
inches ſquare within. And in, the trough 
there is a penſtock, with a gate or draw- 
board, 10 inches broad and 12 inches 
high ; and when the mill is at work this 
gate is drawn, up about 2 inches high : 
ſo that the aperture is 10: x2 inches, 
or 21 ſquare inches area. The bottom of 
the trunk is level with the top of the 
wheel, where the water is delivered i into 
the buckets, about 6 feet from the pen- 
ſtock. The water- Wheel makes 8 revo- 
lutions in a minute, It has a face-wheel 
fixed upon the ſame ſhaft or axis, with 
48 cogs; and this turns the lanthorn or 
trundle that is fixed to the upper mill. 
B b 3 lone 
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ſtone. The trundle has g rounds. Sq that 
ſor every. revolution of the water- wheel, 
the mill- ſtone goes round 5733 times; 
and conſequently 42, 4 in a minute. 
This mill, Mr. Beighton ſays, will 


grind 30 byſhsls of corn in 12 hours, the 


buſhel being 77, part more than the 


Wiacheſter. There are another pair of 


ſmaller mill- ſtones, that may be worked 


by tbe ſame water- wheel. Theſe, he 


ſays, are uſed for grinding wheat for fine 


flour ; by which it ſeems the Jarger pair 
are not for that uſe, but for grinding 
other cofn; and he ſays nothing of 
bolting or dreſſing the flour; bolting- 


mills being of later invention, ever near 
London. 

The ſurface of the head-water being 
7:5 feet above the top of the wheel, the 
velocity of it is 21,9581 feet per ſecond, 
which multiplied, by 21 ſquare inches, 
the area of the aperture, produces 242022 
cubic feet per ſecond iſſuing through the 


| penſtock by the rule, but by experiment 


| omy 
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only + of that quantity, viz. 2, 1348 c- 
bie feet of water per . to di ive this 
mill. o- üim of 
The above deſcribed! underſhot-mitl, 

would 'gfind 8 buſhels of wheat an Rour, 
9 gallon meaſure, with Cullen or Peak- 
ſtones, which is 288 quarts.” The Nun- 
eaton mill ground '2* bufnels, or 827 
quarts an hour, probably in the fame 
manner, and with the ſame kind of mill- 
ſtones. The firſt required 20, 294 cubic 
feet of water per ſecond, and in an hour 
73058,76 cubic feet to grind 288 quarts; 
and the latter required 2, 1348 cubiè feet, 
per ſecond, and in an hour 7635 5, 28 cubic 
feet, to grind 82 quarts. But the Nun- 
eaton- mill, to grind the ſame quantity as 
the underſhot, viz. 288 quarts, would re- 
quire 26829, 528 cubic feet an hour. © The 
underſhot-mill therefore requires almoſt 
three times the quantity of water, that this 
overſhot-mill does, to Perlorcm et che fame 
work; i in the ſame time. 
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The diſpropoxtion would be ſtill greater: 
if. the Water employed to drive the ver- 
ſhot, was applied in the manner as in a 

ſweep or breaſtſhot- mill, and With as high 
a head: for even in the low heads the ad- 
vantage of the breaſtſhot is conſiderable. 
I Know a corn- mill that has two water 
wheels, and a low head of water, not 
quite five, feet high; both wheels were 
formerly ground ſhot; but ſome years 
ago the occupier had one of the wheels 
altered to a breaſtſhot. With this wheel 
before it was altered, the mill ground 
ſcarce 4 buſhels of Wheat an hour; and 
ſince the alteration it grinds 5 buſhels an 
hour. No alteration was made in the 
diameter, of the wheel z, only inſtead of 
the water paſſing under the wheel, as it 
did before in the ſame manner as in other 
groundſhot- mills, it is now brought to 
the top of the wheel, in a trough four feet 
wide and. about two feet in the water. 
There is a notch or hole acroſs the bottom 


1 
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of che trough, the whole breadth off it, 
through which the water falls perpendi- 
cularly upon the floats, a little below the 
centet of the Wheel. This wheel te- 
quires eme eee before, © 
though it does more' work. D DOOM. 
A groundſhot bab that ſome 
years ſince had not near water enough in 
dry weather, and the owner was then 
obliged to ſhut down the gates great part 
of the day, in order to raiſe a head of 
water to work the reſt of the day, this be- 
ing then a groundſhot-mill; but the 
owner having altered it to 'a ſweep or 
breaſtſhot-mill, there is now water 
enough, not only to work the mill con- 
ſtantly, but commonly more than is ne- 
ceſſary: ſo that ſome water is drawn off 
waſte every day. I ſaw this mill in 
full Work, and at the ſame time ſome 
water drawn waſte; in one of the drieſt 
ſeaſons that J remember: and as this is 
one of the principal modern improve- 
ments in the water-wheels of mills, I 
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all give a more particular deſcription of 
it; agreeable” to the dimenſions of the 
wheels and bottom work of a paper · mill 
"8 that conſtruction, which I meaſured. 
Pl. III. fig. 2. is atranfverſe ſection of the 
two water wheels and breaſt-work, &c. of 
a paper mill. The breaſt- work is of brick, 
built in circular ſweep, p, u, . B, is 
the upper wheel, 8 feet 10 inches long, 
and 7 feet 5 inches in diamete, excluſive 
of the floats. The floats are 7 inches 
high above the wheel, 12 inches diſtant 
at top, and 25 in number. They are 
made feather-· edged, being one inch thick 
at top, and 2+ inches chick next the 
wheel. | 2260 191 
This mill has two water-wheels'of the 


. 


following dimenſions. 
| F feet. in, 
The length of the upper wheel B, "Vp 

Length of this wheel and floats, excluſive * 8 
the rings at the ends ot it, 3 


Diameter of the wheel, including the floats, 8 o 
Depth of the float. boards above the barrel, 0 7 


The ſtreight ſides of the floats,, upon 
which the water falls, ſtands perpendi- 
. cular to = barrel. 


I 


1 


{ 
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10134119) ' O01 9913 feet. in. 
The length of the 1 wheel C. including 
the rings at the end, — 10 


Diameter of this wheel, including the ſloats, 7 2 


This wheel has 22 float- boards, each 1 in length 17 9 
The float - boards are 12 inches diſtant 


at their tops, and are 7 inches high ahove 


the barrel. They are feather edged, and 


of the ſame thickneſs e unde 


other wheel. | 
Both wheels are e IS of ds 


one inch thick. 


The ſhafts of each aka are 14 — 2d 
ſquare; and the iron gudgeons in the 
ends of the ſhafts, upon which the wheels 
turn, are 3 inches in diameter, and ex- 
tend 3 inches beyond the ends of: the 
ſhafts. | | 

The breaſt-work, 470 is of brick, with 
a Circular ſweep p, u, o, built ſo as to fit 
exactly the floats of the wheel, B, which 
almoſt. touch the btick- work of the 


breaſt- work, and brick pavement below, 


that no water may clcape there, and be 


waſted. The lower Wheel C, is ie ted 


31 18108 


by 


187 
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by a ſweep ada of boards, aboutan = | 
thick, at 7s 7, which the floats almoſt, 
touch, ta preyent any water beivg, waſted 
from the wheel. 

The thorough i 1s * ** ** 8 
widens from the lower wheel, to 12 
feet, to, give the water a free vent; and 
the bottom has a drip or fall, from thence 
to the lower, end of the thorough, of 6 
inches ; 5 when the water is all ſhut in at 
head, the pavement is dry. And when 
the head - water is at full height, it is nearly 
8 feet and 1 inch above the ſurface of the 
back-water, It is neceſſary that ſuch 
bregſtſhot - wheels, ſhould ſtand as clear as 
poſſible of back- water; which if it was of 
any conſiderable depth, could not be 
driven out of the thoroughs, by the thin 
ſheet of water that works theſe Wheels; 
as it may in underſhot-mills. 

The water to drive theſe two wheels: 
comes from a ſmall branch of à river, in 
the bank of which there ate two ſluices, 
cach four feet wide, the gates whereof ate 

com- 
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13 F/ } £ va 
comthonly drawn up about a foot, . to keep, 


both Wheels going. Sy 
The water is conveyed to the wheels i in, 
a large trough, the top whereof is about 
an inch higher than the tops of the 
wheels; and When they are at Wotk, the 
trough is kept quite or very nei full of 
water,” which is then 26 inches deep dent 
the Wheels, the trough there being of 
that depth. The ſurface of the water in 
the trough, when quite full, is 8 feet and 
one inch higher than the ene of the : 
thorough, coed e 3 
In the bottom of the ttbugh are cut 
two long notches or holes, one over cach 
wheel, and of the length of the float- 
boards. The notch to the 'upper-wheel 
is 8 feet 3 inches long, and 6 inches wide; 
and the notch at the lower wheel is 9 
feet and 9 inches long, and 5 inches wide. 
There afe fliding ſhuttets to each notch, 
which are ſhut cloſe or open by levers z 
or handles, by Which thele notches. or 3 
openings are made wider or narrower at 
pleaſure, 


pleaſure, and more or leſs water is theres 
by let down, upon the floats; as may be 
found neceflary. It is very rarely, if ever, 
neceſſary to draw the ſhutters quite back, 
and open a paſſage for the water through 
all the hole at once. The quantity of 
water neceſſary to turn the wheel being 
more or leſs, in proportion to the work to 
be done by it; it is commonly ſufficient 
to draw back the ſhutter, and open a 
paſſage for the water about 2 inches wide, 
ſometimes more. 

The trough is 26 hey deep, * the 
bottom of it about 2 inches thick; and 
the water, after it has paſſed through the 
hole at the bottom of the trough, falls 
18 inches before it touches the float - 
boards; the height of the ſurface of the 
water, therefore, above the firſt float · 
board it touches is about 3 feet and 8 
inches, whereof it falls 18 inches in the 
air. It has not been determined by ac- 
curate experiments what proportion of 
the head ſhould be allowed to the depth 

"i 
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in water, and to its fall from tlienet upon 
the float-boards in air. But as this mill 
performs well, it ſeems that the propor- 
tion allowed here, is nearly the beſt to 
produce the greateſt effec . 
The lower wheel is of the füme height 
at top as the upper one, but does not go 
ſo low as the pavement by 10 inches, 
(being ſo much leſs in diameter than the 
upper one) by this means the water diſ- 
charged from the upper wheel has a free 
paſſage under the lower one, without ob- 
ſtructing it. To compenſate for the lower 
wheel being 10 inches leſs in diameter, 
it is made 18 inches longer than the upper 
one. The water when diſcharged from 
the upper wheel at 4, runs from thence 
down the thorough, in a thin ſheet to'y, 
and from thence the water from both 
wheels unite, and proceed to 2 . 

It is found by experiment, that a hole 
in the bottom of a veſſel gives more water, 
than an equal hole in the ſide of it, the 
ſurface of the water above both holes 

being 
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being of the ſame height. This is partly 
occaſioned by the change of the direction 
of the water, which falls, as it is natu- 
rally inclined to do, directly perpendicular 
through the hole at bottom; but in 
paſſing through the vertical hole it muſt 
alter its direction, and ifſue out hori- 
zontally. And hence the water in breaſt- 
ſhot-mills makes a greater impulſe wpon 
the floats, than it does in the underſhot; 
and alſo has a greater effect, becauſe it acts 
upon the floats of the breaſtſhot both by 
its weight and impulſe, but acts upon 
thoſe of the underſhot by its impulſe only, 
Its weight being wholly upon the Nen 
of the thorough. 1 

When the water is 2 feet deep in the 
trough, it will iſſue through the notch 
or aperture at bottom with a velocity of 
11, 3 347 feet per ſecond by the rule, but by 
experiment only + of this, or 7,4 564, feet 
per ſecond. And admitting that the holeat 
bottom is 2 inches wide, and the length 


of it for the upper wheel being 8 feet 3 
6 inches, 
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inches, the area is 198 inebes of watet 
continually paſſing, which multiplied by 


the velocity, produces 10, 39 cubie ret 


per ſecond, to drive this wheel. 

If we compare the quantities of water 
neceſſary to work theſe mills, * oh 
cond, It 0. 


Cubic ſeat. 
The underſhot requires per ſecond 20, 2941 
The overſhot Nuneaton mill N 243513 


The breaſtſhot 10,39 


Much of the water that falls upon an 
overſhot- wheel, daſhes away on each ſide, 
and is waſted ; for which reaſon the Nun- 
eaton mill did ſo little work, gtinding 
only zo buſhels of corn in 12 hours, or 
2+ buſhels an hour. Whereas a breaſt 
ſhot, where none is waſted, would do more 
work, with a wheel of the ſame dia- 
meter, 

It appears here that the breaſtſhot 
wheel requires a great deal more water 
than the overſhot; but it is to be conſi- 
dered, that the water which drives the 
overſhot- wheel, ſtrikes upon the floats, 
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with almoſt double the velocity that it 
"docs upon the floats of the breaſtſhot: 
and, likewiſe that the diameter of the 
oyerſhot- wheel, is near twice the dia- 
meter of the breaſtſhot ; both theſe make 
2 great difference in the effect of the 
water upon thoſe wheels; much greater 
than is ballanced by the greater length of 
the floats of the breaſtſhot- wheel. Add 
to this, that the underſhot in the preſent 
compariſon does a great deal more work; 
and that the overſhot, to do as much work 
as the underſhot, requires about one third 
as much water. 

When it was propoſed to bring the 
Cowley ſtream (one of the branches of 
the Uxbridge river) to London, for a ſup- 
ply of water to the inhabitants, Dr. Deſa- 
guliers meaſured a ſection of it, under the 
bridge, and found the velocity of the 
ſtream there to be one foot per ſecond, 
and that through the ſection, there paſſed 
60. cubic feet of water per ſecond. So 


that if this ſtream was raiſed to a head 6 
feet 
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feet high, it would drive three underſhot 
wheels, ſuch as I have above derived. 

Mr. Labalye, in his account of Weſt- 
minſter- bridge, ſays, that the river Thames 
is there nearly 1220 feet broad, That at 
common low water, (when not kept up 
by the tide, nor ſwelled by floods) in the 
ebb channel near the Surry ſhore, the 
water is about 8 feet deep, and in the 
flood channel, 6 feet deep near the Weſt- 
minſter ſhore; and that upon the ſhoal 
between the two channels, the water is 
ſeldom more than 4 feet deep at a com- 
mon low water. The medium of theſe 
is about 6 feet deep of water, in that 
part of the river. 

Weſtminſter bridge has 13 arches, and 
the whole opening or water- way between 
theſe arches is 820 feet, through which 
the water all paſſes at the time of ebh. 
The fall of water, occaſioned by the piers, 
is then but + of an inch, under the 
arches; and the velocity of the water at 

C cz the 
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the furface,' barely 24 feet 'per ſecond 
juſt above and below the bridge. 

As the water at the bottom and ſides 
runs conſiderably flower than at the ſur- 
face, and cannot be much accelerated by 
ſuch a ſmall fall as , of an inch, the 
mean velocity of the river at that place, 
is probably not more than 14 foot per ſe- 
cond, at which rate the quantity of water 
that paſſes at ſuch times through Weſt- 
minſter bridge, in 820 * 6 x 1 7380 cu- 
bie feet per ſecond. So that if the river 

Thames, at a common water, was all 
raiſed to a head of 6 feet high above the 
the apertures, it would drive 369 ſuch 
underſhot- wheels as above deſcribed. 

In the water-works at London bridge, 
the water-wheel under the arch next the 
city, is 20 feet diameter. It has 26 
floats, each 14 feet long and 18 inches 
deep. The velocity is 11,4160 feet, and 
of the wheel 5, 1666 feet per ſecond: ſo 
that the Wheel moves with nearly half the 

velo- 
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velocity of the watefadt as 1 to 2,2; agree- 
able to what we have ſhewn above, and 
that it ought to do, by the rule of the 


congreſs of bodies; and would be more 


nearly ſo, if the velocities could be mea- 
ſured exactly, which in ſuch experiments 
it is not eaſy to do; and in caleulations 
upon this ſubject reſpecting mills, is not 
neceſſary. 

By the foregoing. direQtions may be 
known what quantity of water any river, 
brook, or ſtream will yield; for having 
taken the level of the place to which it is 
to be conducted, and what height can be 
obtained for the head of water; it may 
then be determined hich is the maſt pro- 
per kind of mill to erect there, an under- 
ſhot or breaſtſhot, to do the moſt work. 
As to overſhot-wheels,. it is not ad- 
viſable to erect them: for where there is 
a head ſufficient for an overſhot-wheel, a 
breaſtſnot one may be erected, which is 
preferable to an overſhot in ſeveral re- 
ſpects, and will do more work with the 

Cc} ſame 
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ſame quantity of water. We have ſeen, by 
the examples above mentioned, the ad- 
vantage gained by lengthening, the float- 
boards, as in the breaſtſhot-mills, though 
the. diameter, of the wheels is leſs than 
common but where there is ſuch a fall, 
that the Wheels, may be alſo made of a 
large diameter, the advantage of breaſt- 
ſhot- wheels is greatly encreaſed beyond 
what is obtained in overſhot-mills. 

The examples given above of the force 
of water, is in regard to corn mills, theſe 
being the moſt common and uſeful; but 
as the ſame is applicable to many other 
uſeful purpoſes, I ſhall next take notice in 
what manner the impulſe, force, or mo- 
mentum of running water is to be deter- 
mined generally, and however applied, to 
grinding corn, or performing any other 
work. . 8 h. 

The impulſe or momentum of water, 
is in proportion to the product of the 
ſquare of the velocity multiplied by the 
area of the aperture, As in the deſcribed 
| under- 
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underſhot mill, the velocity through the 
aperture was found to be 19,2264 feet 
per ſecond, the ſquare of which is 
369,65 34, to be multiplied by the area 
of the aperture, 1, 5833 ſquare feet, but 
as we ſhewed that by experiment, only = 
of the aperture is filled by the iſſuing 
water, viz. . 6333, this multiplied by the 
ſquare of the velocity produces 234 cubie 
feet, at 62; pounds per cubie foot, is 130 
bundred weight, for the force or n 
of the water.. 1218 
The force of this impulſe: is not wholly 
ſpent upon grinding the corn, but a con- 
ſiderable part of it is loſt by friction of the 
gudgeons of the water-wheel, and of the 
cogs and other parts that touch and rub 
againſt each other. The friction is greateſt 
in ſuch machines where pullies, ropes, and 
ſcrews are employed; and in general, the 
friction in compound machines abates 
about of the power by which they are 
worked. Thus in, the, preſent caſe, the 
aperture of the penſtock of the underſhot- 
e wheel 
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wheelcheing 6 inches, we are not to eſti- 


mate, that the whole force of the 6 


inches deep of water is exerted in grind- 
ing the corn, but that 2 inches, or one 
third of it, is exerted to overcome the 


friction of the wheel and other 5 of 


the mill. 
Theto is one great e in breaſt- 
ſhot-mills above the underſhot, that the 
bottom work of the latter is vaſtly more 
expenſive at their firſt erection, and after- 
wards keeping it in repair, than that of 
the breaſtſhot.' This leads us to conſider 
the method of conſttucting ſuch bottom 
work, and to give ſome directions, from ex- 
perience; of performing it in the beſt man- 
ner, that it ſhall not be ſubject to decay or 
damage for a very long courſe of years. 
"Tris cuſtomary in many places, to con- 
ſtruct the bottom work of underſhot- 
mills of timber, a material very ſubject to 


decay in water- works, where it is ſome- 
times wet and ſometimes dry; and for 
| this reaſon it is, that ſuch work, as alſo 


1 locks 


RUNNINO WATER; Nc. 393 


locks and ſluices of timber, ſeldom laſt 
longer than 20 or zo years, and in that 
time muſt be entirety new done and re- 
built; which is a heavy expence upon 
the owners, and much reduces the value 
of ſuch eſtates that have a dependence 
upon water-works. Timber is alſo li- 
able to wear in the run of water. But 
the circumſtance of the greateſt conſe- 
quence is, that when the bottom work 
is done with timber, as it is commonly 
performed, the weight or preſſute of the 
head of water is ſo great, eſpecially near 
the bottom, that if it finds the ſmalleſt 
paſſage, it will, by its conſtant preſſute, 
waſh and wear away the earth at that paſ- 
ſage and force its way under the Gill (which 
is called blowing) till the bottom is fo 
much torn away, that there is a neceſſity 
of taking it entirely up, and rebuilding it. 
This happens ſometimes ſo ſuddenly, that 
the danger is ſcarcely, perceivable, till 
the blowing is paſt remedy... [ have 
known ſeveral inſtances of this kind, and 

one 
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one in particular, where the Mowing 
had it been perceived in time, might haye 
been prevented or the bottom ſecured, for 
about 40 or 50 ſhillings, that coſt above 
I 50l. to reſtore it. 

This, expence 1s frequently oreater, 
but in none perhaps ſo great as in that me- 
morable breach in the banks of the river 
Thames at Dagenham ; Where, by a 
neglect of repairing a ſluice in time, the 
river broke in upon the levels of Dagen- 
ham and Havering in Eſſex, and waſhed 
away above 100 acres of the ſolid land, to 
the depth in ſome places of above zo and 
ſome 40 feet; and coſt an immenſe ſum 
to ſtop the breach ; all which might, have 
been ſaved, had the bottom of this luice 
been built with ſtone or brick, in the pro- 
per manner. But many fluices in the 
banks of the Thames are {till built with 
timber; and it. is not,, uncommon ; far 
ſundry breaches to happen there, in con- 
ſequence, of their being ſo built; though 
none of, them have begn attend: d with, ſo 
very 
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vety great damage and expence, as that 
at Dagenham. Vet, ſome time before that, 
there was one at Longreach, below Pur- 
fleet, which continued more than even 
years before it was ſtopped. ek te | 

To ſecure the bottom of mills, and 
other works in water, where that is raiſed 
and kept up above the common level, it 
is neceſſary to lay the foundation deep to 
prevent blowing. But ia ſome ſituations 
the ſoil is ſpringy, or a quick-ſand, where 
it would be expenſive to keep out the 
water, ſo as to lay a deep foundation; 
and after all might prove inſecre, and 

not ſufficient to prevent the penetration 
of the water under it: for the preſſure of 
the water upon the bottom is fries con- 
ſiderable. 95 
As, for example, — the head is 6 
feet high, every ſquare foot of the bottom 
ſuſtains a column of water 6 feet high, 
whoſe baſe being à foot ſquare, the co- 
lumn is 6 cubic feet, at 62 pounds per 
cubic foot, is 375 pounds, ' continually 
preſſing 
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paſſing upon every foot ſquare of. the 
bottom ; wherein if it finds the ſmalleſt 
ſubtarraneous paſſage, the water will force 
through it, with a velocity of 19.64 
feet per ſecond, which is more than ſuf- 
ficient to carry away the earth all round 
this ſmall ſubterraneous paſſage, - ſtill 
making it wider, till the bottom is blown, 
and muſt be taken up. 

This weight and prefſure of the head- 
water, is only from the ſurface to the 
bottom fill of the penſtock, and reaches 


no further, provided the ground there is 


a clay, or other ſtrong cloſe ſoil, through 
which the water cannot penetrate: but if 
the carth there is a ſand, gravel, or porous 
fail, the preſſure is continued through 
theſe pores, and the force of it ſtill en- 
creaſes in proportion to the depth; and 
hence the great danger of blowing : for 
water preſſes not only downwards, but in 
all directions; for which reaſon, though 
the bottom and ſides ſhould be ſecured 
irom leakage to the depth of a yard or 


more, 
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more, the water will notwithſtanding pe- 
netrate deeper, and force its Way up 
through the apron; or running all the 
way under, will force its way up at the 
lower end of it. 109 ol 
It the bottom of the thorough was not 
ſecured from the violence of the water 
ſuing through the penſtock, it would 
quickly carry away the earth of the 
thorough near the upper end of it, to a 
great depth, and the head-water finding 
little reſiſtance, and penetrating under the 
fill, the bottom would be blown in a very 
ſhort time: to prevent this, it is uſual to 
cover the bottom of the thorough there, 
with an apron or ſheeting of boards, and 
to drive ſhort piles acroſs the thorough at 
the lower end of the apron : this is ſome 
defence againſt the running- water, but 
it is only temporary. The continual 
current wears the apron in holes, and 
the head- water is found to ſorce its way, 
not only through the apton, but fre- 
quently under the piles. And upon the 
whole, 
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whole, the bottom-work of theſe mills, 
ſluices, locks, dams, and other ſuch 
water-works, either from wearing by 
the running water, or blowing, are ge- 
nerally ſubject to decay in no long 
courſe of years. 

The locks on the river Thames, are 
dams made acroſs it, to pen and keep up 
heads of water for the mills; an opening 
is left in the middle of the dam about 20 
feet wide, for the veſſels navigated upon 
that river to paſs up and down, and after 

they are paſſed, the opening is ſhut with 
draw- boards to keep up the head of water, 
about fix or ſeven feet high. To ſecure 
.the bottom of theſe dams, rows of piles 
are drove acroſs the opening, and great 
quantities of large chalk-ſtones thrown 
in between the piles, ſloping from the 
head to the bottom of the river; which 
prevents the water from gulling the bot- 
tom cloſe to the head-water. But it falls 
upon the chalk, and runs with ſuch ra- 
pidity, that the ground below the chalk 


a | 18 
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is looſened and cartied away, to a very 
conſiderable depth and diſtance, and a 
bank is thrown up below, by which the 
barges are frequently obſtructed or 
ſtopped. The ſame thing would happen 
in the thoroughs of mills, 'if the bottoms 
of them near the head, were not covered 
and defended againſt the impetuoſity of 
the water iſſuing through the penſtock : 
the water would gull and drive away the 
earth to a great depth near the head, and 
then the head-water, by its weight or 
preflure, would ſoon force its way under 
the fill of the penſtock, and blow up and 
deſtroy the bottom- work. For this rea- 
ſon it is abſolutely neceſſary to ſecute the 
thorough, by aprons or ſome other 
means. 

Could a head of water be kept up to 
the height of 6 feet, by a ſtone or brick- 
wall, laid g or 10 feet deep in the ground, 
the blowing might be prevented by ſuch 
a wall, provided the earth was not carried 
away below the wall, by the water 
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running through the opening of the pen- 
ſtock : orat might by the ſame means be 
. prevented,” where the head is a great deal 
higher, by making the wall of a propor- 
tionable depth in the ground. But in 
great depths, the building of ſuch a wall 
5 would not only be very expenſive, but in 
F bad ground often impracticable. 

| To give an example of this, it may be 
. here obſerved, that when it was deter- 
0 mined to build a bridge acroſs the Thames 
| at:Weſtminſter, different methods were 
propoſed: of lay ing the foundations of the 
piers in the bed or bottom of the river, 
of a ſufficient depth; whereof one was 
by means of batterdeaux or coffer dams ; 


which Mr. Labelye, the engineer, deſ- 
: cribes, and gives ſome reaſons why that 
' method was impracticable in laying the 
4 foundations for the piers of that bridge, 
by as foHows. ; 


In building of the piers of bridges, 
flatces, and other works in water, en- 
gineers and architects have often recourſe * 
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to this method, viz. to incloſe the place 
intended for the foundation ſo as to keep 
the ambient water from coming in, that 
it may be drained dry, and kept ſo by 
pumping cr other engines. Sometimes 
this incloſure is ſingle, and ſometimes 
double, with clay rammed between; 
ſometimes the incloſures are made with 
piles only, driven cloſe by one another ; 
ſometimes theſe piles are notched or dove - 
tailed one into another ; ſometimes the 
piles are grooved, and driven at a diſtance, 
and boards let down between them. But 
let the incloſure or incloſures' be made ia 
any of the ways mentioned, or in any 
other way, the ſole intent of this manaer 
of proceeding, is only to keep the water 
from coming into the foundation, when- 
ever it can be drained. 

The firſt inconveniency attending 
this method is, that if the incloſure be 
not ſtrong enough, or not ſufficiently 
propped or braced in the inſide, it will 


not be able to ſupport the preſſure of the, 
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external water, (eſpecially if it be water 


agitated by | ſtormy winds) which, by 
breaking and burſting in, often deſtroys 
many lives, and entirely defeats the in- 


tentions of the projectors, that have not 


taken the neceſſary precautions, of which 
could give a great many inſtances, ſome 


of which I have been an eyewitneſs to. 


But if this method had no other incon- 
veniency, it could eaſily have been reme- 
died in the execution of the intended 
bridge; England, and London eſpecially, 
abounding with excellent artificers of all 
kinds. But what would have rendered it 
entirely uſeleſs, or ineffectual, is the na- 
ture of the ground under the bed of the 
river Thames; which at the place where 
the bridge is, is every where a gravel, 
covered over on the Surry fide with a ſort 
of loamy ſand; all which would ſuffer 
the water to ouze up (notwithſtanding the 
fides of the batterdeaux or coffer-datns 
ſhould. be perfectly tight) ſo faſt, eſpe- 
cially the gravel, as to put it out of the 
5 power 
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power of any engine or engines, to drain 
the batterdeaux or coffer-datn. Indeed 
where the ground under the foundation is 
a ſtiff clay, or an earth of a ſufficient 
confiſtency to hold water, batterdeaux or 
coffer-dams have been uſed with ſacceſs, 
though attended with an immenſe ex- 
pence and trouble; and what I. would 
have made uſe of, if I had not N 
that it would have been in vain to attempt 
in this place to come at the bottom, and 
much more ſo, to reach ſeveral feet under 
the bed of the river, by any ſuch means. 
Thoſe that have ſeen (or have been con- 
cerned in) buildings erected in water, 
where the ground is a gravel, or a looſe 
clay, or a ſand, well know the infuperable 
difficulties that would have have ariſen, 
if ſuch coffer-dams or batterdeaux had 
been attempted on the Thames, over 
againſt the Woolſtaple; where beſides 
the agitation of the water, occaſſoned by 
the winds, the height of the water is per- 
* increaſing or deereaſing, from 

D 2 6 feet 
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6 feet to about 23 feet, perpendicular 
height, aboye the ſurface of the bed; 
which ty o circumſtances would make it 
difficult, and very expenſive, to provide 
proper materials, and conſtruct a coffer- 
dam ſufficiently ſtrong, to reſiſt ſuch un- 
equal preſſures, ſo as to keep out the am- 
bient Water. 9 

As to the ouzing in of the water 
through the pores and interſtices of the 
gravel, looſe clay, or ſand, it may eaſily 
he ſhe vn, that if all the interſtices in the 
bottom of the foundation, of one of the 
piers, taken together, amount only to a 
hole of 6 inches ſquare, (which is a ſup- 
poſition much under the truth) and ſup- 
poſe the tide or height of the water above 
the foundation (as it is at a mean or aver- 
age between the higheſt and loweſt) 
about 15 ſeet perpendicular, they would 
give above 770 tons per hour; Which is 
more than 70 men could pump out, even 
ſuppoſing them to act always with the ſame 


ſttength as they do at firſt, and to work 


day 
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day and night without ceafing ; and more 
than 150 men, or 30 horſes could do, 
working as they commonly do. 
All that I ſhall add to this article i is, 
that ſome of the perſons who propoſed 
or eſpouſed this method of making an in- 
cloſure round the intended pier, with 
dovetailed piles, and pretended to drain 
the water from within, might remember 
how fruitleſs was the attempt, or rather 
experiment, that was as of it CARP 
Park, not many years ago.“ 50 
The force of the water 3 * 
the bed of the river appears further ſrom 
the account given of it hy Captain Perry, 
as he found it in laying down the apron of 
a ſluice that he made at Daggenham, be- 
fore he began to ſtop the breach there; 
which he relates as follows, vg. 
% When I came to dig down the alage 
for my fluice, notwithſtanding that, I 
had, (when I came within, about 6 
feet of low water mark) driven down 
large dovetail piles, on each ſide and 
11 1Doy athwart 
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athwart the place, which I dug down for 
the moſt part upwards of 20 feet into 
the ground, by extraordinary engines for 
it, whereby to ſtop the courſe of the 
ſptings; which was done with large 


beams of timber, fixed acroſs from ſide 


to ſide, to prevent the ſliding in of the 


banks; yet I found the penetration of the 


water to have that force, underneath the 
dovetail piles, through the ſand and bad 
ground below the moor-logg, that the 
preſſure of the water at the depth which 
the ground was dug down, being near 22 
feet difference of level upon the ſpring- 
tides, ſo ſwelled and lifted the moor-logg 
in the place for the fluice,'that'it' rounded 
up in the middle ſeveral inches, above the 
level to which it was dug; and the 


leakage began to take ſuch power, that I 


thought it not ſafe to open the ground 


any lower, and ſubmitted to fix the foun- 


dation or apron of the ſaid ſluice to a ſeſs 
depth than 'I would willingly have fixed 
the ſame to : and conſequently as I could 

8 not 
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not place the ſluice to a greater depth, 
there could not, in the courſe of carrying 
up my works in the breach, be given ſo 
great an eaſe and vent to the water, by 
the way of that canal, as was neceſſary; 
the top of the apron being fixed anly to 
within a foot of the depth of the ordinary 
low water mark in the Thames; which 
would have been of moch more ſervice 
and ſatis faction to me, could n 
have been carried lower. 

He then proceeds to relate, that; as hy 
could not lay the bottom. of this ſluice any 
lower, he thought jt adviſeable to put in 
another; which, ſays he, I found 
equally difficult in fixing down that ſluice 
as the firſt; ſo that though I carried the 
foundation to a conſiderable depth be- 
yond what was poſſible to have been 
done without the ſaid drift of dovetailed 
piles, yet found I durſt not venture the 
fixing of the apron of either of them be- 
low, or fully to the depth of low- water 

2 4 mark, 


408 | On Tur FORCE 


mark, leſt. ſhould have been overpowered' ; 
by ſprings and leakage. 
It is not commonly. neceſſaty to dig 
down for the foundation of mills and 
other works, ſo low as in the above: in- 
ſtances ; yet where it is fo, to the. depth 
of about 10 or 12 feet, it is found ex- 
penſive to lay the bottom dry, and keep 
it ſo, till the foundation is laid, and car- 
ried up to a proper height; and ſeveral 
pumps are frequently neceſſary for that 
purpoſe, to be worked by men or horſes. 
One of the beſt ſort of pumps for this 
uſe, where there is room to work it; is 
that known by the name of Archimedes's 
{crew ; which conſiſts of a round ſhaft, 
with grooves cut in it, in a helical or ſpi- 
ral line, from one end to the other : into 
this groove boards are fitted and faſtened 
in, near the whole length of the ſhaft, the 
ſides of theſe boards are to join cloſe to 
one another, and to ſtand at an equal 
height above the ſhaft : upon the tops of 
theſe 
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theſe boards are faſtened „natrew parallel“ 
boards all round, in form of à cylinder or 
barrel, ſecured” with iron" "hoops. "This 
pump is to be placed not ipright, but 
declining at an angle about 45 degrees 
from the perpendicular. By turning, the 
lower end dipped in the water, it 'brin $ 
the water up to the top with vey, little | 
friction, hence it is to becattied off 1 in . 


% ; £ 01 101 5 51 


a trough. R 


28810 


Sometimes there is one Mira groove 
cut in the ſhaft,” to receive” the upright 
boards, which in that caſe forms but one 
ſpiral thread within the barrel; and this 
is the moſt common. But I have found 
that two ſuch threads, running parallel 
and equidiſtant, the length of the ſhaft, 
is better than one, and will throw out 
more water. But with three threads it 
will not diſcharge ſo much water as with 
one. 

The largeſt of theſe pumps may be 
about 18 feet long. The more upright 
it is ſet, is raiſes the water higher, but 
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in a ſmaller quantity. Laid much in- 


clining, it raiſes more water but not ſo 
high, and requires the more ſtrength to 
turn it. Such a pump kept conſtantly 
going, will employ 16 horſes to turn it, 
Four at a time; and is hard work for 12 

horſes. | 

Smaller pumps of this ſort are worked 
by men, .5,or.6 at once, and frequently 
changed. 

But there is another method of ſecur- 


ing ſuch works from blowing, cheaper, 


more eaſily performed, and not leſs effec- 
tual than the beſt walls, either of ſtone 
or brick, or to any required depth. This 
is by piling. A line of piles, under, or 
juſt above, the ſtill of the penſtock, may 


be driven to ſuch a depth, as to prevent 


blowing, even without an apron, and 
though the earth in the thorough was 
waſhed away as deep as the running- 
water from the penſtock could remove 
it. So that if this one line, under or cloſe 


to the fill is ſecured, there is no danger 
6 of 
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of blowing. A circumſtance that none 
of the millwrights Ihave converſed with, 
nor others of more extenſive knowledge 
in water-works, ſeem to have fully con- 
fidered. They lay aprons, or ſheetings 
of boards below the fill, upon which the 
head of water is raiſed, and ſometimes 
aprons are laid above that fill; and they 
drive ſhort piles at the lower end of the 
apron, and ſometimes alſo at the upper 
end of the ſheeting above the fill; all 
with an intention to prevent the head- 
water from penetrating under it, but the 
line under or cloſe to the ſill, is left de- 
fenceleſs; and yet if the water pene- 
trates there, all the other precautions will 
avail nothing. | 
Some have ſuppoſed that timber will 
decay in water, which if alternately: wet 
and dry it certainly will. Or if laid in 
running- water, it will waſte and wear 
away; not from any natural decay of the 
timber, or corroſive quality in water; 
but on account of the motion, Which oc- 
| caſions 
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caſions a friction and wearing of the tim- 
ber by the ſand and gravel mixed with 
the water: but to ſuppoſe that ſound 
timber, laid at any depth in ſtill water, 
will waſte or decay, is a, great miſtake, 
and contrary: to experience, 

For it is found, that timber which has 
lain 50 years, or much longer, under, wa- 
ter, is perfectly ſound when taken up. 
And many heavy buildings in Holland 
and England, as London bridge, and 


others, built upon piles, have ſtood firm 


for ages; which is a proof that timber 
does not decay in water. The ſenſe of 
the public, and of eminent engineers in 
this point, is evident from Weſtminſter 
bridge, and more lately from Black Friers 
bridge; they being built upon gratings 
of fir timber, covered with fir planks,, 

In order to explain the method of con- 
ſtructing the bottom of a mill or other 


Work in water, in ſuch manner as: will 


render it ſecure and laſting ; let us ſup- 


poſe. that the bottom work to be made, is 
for 
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for an underſhot- mill, Where the hend of 
water is penned up to the heiglit of 6 
feet, above the common ſurface of the 
river that is to drive the Water. Wheels of 
the mill: that there are three thoroughs 
of 4 feet wide each, and two water- 
wheels, to be placed in the two outſide 
thoroughs, and the waſte —_—_ in be- 
tween them. 

Firſt, drive a row of fir piles ** thi 
ſtream, 6 inches thick and dovetailed, as pp, 
PI. III. fig. 3. Theſe piles ſhould be driven 
into the bed of the river gor io feet deep at 
leaſt, viz. half as deep again in the ground, 
as the head- water is raiſed above it; this 
upon ſuppoſition that the bed of theriver, 
is a firm cloſe ſoil, which may be known 
by boring. But if it is a looſe earth i ot 
quickſand, it will be adviſable to drive 
the piles deeper, viz. not leſs than 12 014 
feet deep; or, which is ſtill a better rule, 
till they reach and penetrate 3 ot 4 feet 
into good cloſe earth. Phe; dovetail 
grooves in the ſides of the pilot wilh guide 


them 
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them in driving, ſo that they will join 
cloſe to each other throughout their whole 
length, and as they will be always wet, 
they will ſwell a little and continue fo 
cloſe, that no water can penetrate through 
the joints, The air will be likewiſe ex- 
cluded from them; and therefore, if they 
were ſound at firſt, they will continue ſo: 
for it is the changeable temperature of 
the air that cauſes timber, that is expoſed 
to it, to decay. 

When the piles are driven to the depth 
intended, dig a trench cloſe to the row of 
piles of 3 feet deep or more, and 2 feet 
wide, in which the foundation is to be 
laid, of a brick-wall 2 feet thick. When 
this wall 1s brought almoſt as high as the 
bed of the river; ſaw off the tops of the 
piles in a ſtreight line, very true and even, 
as low as the bed or bottom of the river ; 
then build the wall up as high as the tops 


of the piles, after which the wall is to be 


extended in breadth over them from v to 
P, and carried up to the propoſed height, 
battering 
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battering on the lower fide dw, ww, to 18 
inches or two bricks length. This wall, 
when carried up to the proper height, | is 
to be one ſide of the mill. 

"If the ground is bad, upon which the 
wall is to be built, lay 2 long four-1 inc | 
oak or fir planks at bottom, each 14 or 1 
15 inches broad, and build the wall upon 
them, which will prevent the wall from 
ſettling ; but if there is a quickſand at | 
bottom, or ſo ſpringy that a trench can- | 

| 


not be dug for a foundation, it muſt either 
be cloſed piled all over, or double rows 
of piles driven acroſs the trench at ſmall | 
diſtances from each other; and arches q 
turned upon them, to ſupport the wall. 

Thick planks ſhould be laid upon the 
tops of the piles, and the wall built upon | 
them. | 


The brick-work of the foundation 

' ſhould be laid in tarris mortar,” but no 
mortar of any ſort laid next the ſides of 1 

the dovetail piles, nor upon the tops of 
them; for the weight of the brick. Work | 

built | 
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built upon them, will make it bed cloſe 
to them, provided they have been ſawed 
off level, and as true and even as they 
ought to be. The bricks for this uſe 
ſhould, be of the beſt ſort, and very well 
burnt. _ The bottom-work being con- 
ſtructed in this manner, the materials wall 
continue perfectly ſound, and no water 
can ever penetrate through or under it. 
The brick-walls of the thoroughs 46d. 
ſhould be carried up together with the 
croſs or breaſt-wall ww, w; for the middle 
walls 5, c, 14 inches thickneſs may be 
ſufficient ; but the two outſide walls a, d, 


ſhould be at leaſt 2 bricks and a half, or 


22 inches thick, as they will ſerve as 
abutments to the breaſt-wall, and help 
to ſupport it againſt the weight or preſ- 
ſure of the head- water. 

The breaſt-wall, as high as the water 
riſes, and walls of the thoroughs, ſhould 
be laid in tarris-mortar, but it is not 
neceſſary that they ſhould be built wholly 
with that mortar. It will be ſufficient it 

the 
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the bricks are laid in tarris, 3 or x inches 
into the walls next to the water, and the 
reſt with other good mortar. The tar- 
res is peculiarly adapted to brick or ſtone- 
work built in water. The thoroughs of 
mills built with this mortar are almoſt im- 
mediately fit for uſe. The violent cur- 
rent of the water is not able to'waſh it 
out of the joints of the work, though let 
in upon it but a few hours after it is built; 
but on the contrary it ſwells or grows 
out of the joints, and Wardens to ſuch a 
degree, that no run of water affects it. 
The bottom of the thoroughs ſhould be 
paved with bricks ſet on edge, or two 
courſes of them laid flat, and laid wholly 
in tarris-mortar, from the breaſt- all to 
to the length of ſome yards below the 
wheels. Some perſons may be apt to 
think that this method of conſtructing 
the bottom is in a great meaſure a need- 
leſs expence; but let ſuch be aſſured, 
that too much precaution can ſcarce be 


uſed, to guard againſt the force and pe- 


E e petration 


. o _ n 


— 2 ep 2 ni. 243 F208 Wn Boos 
r 24 — r 


4 
% 
« =. 
: - 
: 
l * 
- 
: * 
5 
. 
| 
! 
p 4 


418 NH FORCE 0 + / 


netration of water, raiſed to any conſiders 
able Hheighta above its common level; 
and it is certain from experience; that a 
great deal more is ſaved in the end; by 
beſtowing a little more expence to Con- 
frac duch works! at felt effectually; 
than to perform them ſuperficially, and 
be obliged to rebuild them in a (few 
years, from a decay of the materials; 
or, which not unfrequently happens, by 
the water forcing a paſſage underneath, 
and blowing up the work. 

The” conſtruction with ſtone differs in 


nothing material from brick; and either 


of them may be uſed with ſucceſs, that is 
cheapeſt, or can be moſt conveniently ob- 
tained. | 

The dovetail piling and breaſt-wall are 
to be continued in length, through the 
banks of the river on each fide, if the 
length of the mill extends ſo far: but if 
it does not, the brick-wall may be fi- 
niſhed at each end of the mill with ſtrong 
quoins of brick-work, and the dovetail 


piling 
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piling continued through the banks, or 
three or four yards into them, to prevent 
the water penetrating round the ends of 
the piling; obſerving not to cut the heads 
of the piles that run into the banks ſo 
low. as thoſe Joining to the wall ; but to 
leave them as high as the top of the 
banks, or to ſuch a depth only below the 
ſurface of the ground, that they may re- 
main always wet, and by that means be 
covered from tlie air, and their 1 ſe ; 

cured from decaying. | 
It is uſual to continue the walls or 
wharfing of the head-word with wings, 
carried up a little higher, and nearly at 
right angles with the breaſt- work. Theſe 
wings are a ſort of wharfing next to the 
water, and intended to prevent the water 
getting round behind the breaſt- work: 
but in conſtructing theſe wings, great care 
ſhould be taken to make them very cloſe 
and impervous to the head- water, as deep 
as the breaſt- work; and that they ſhould 
join perfectly cloſe to the breaſt · work, ſo 
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that no water can get in between them. 
The wings ſecure the banks from 
mouldring down, as far as they go, but 
are not neceſſary to prevent the water 
getting round; for the dovetailed piles, 
if continued far enough into the banks, 
are an effectual ſecurity againſt the pene- 
tration of the water there, without 
wings. | | 

Though this method may appear ex- 
penſive, it is not ſo much more than the 
common conſtructions, as it may ſeem to 
be at firſt fight. For it is cuſtomary td 
lay an apron or ſheeting of boards, ſome- 
times one above the breaſt-wall, and al- 
ways one below it in each thorough, to 
prevent the earth there being carried 
away, by the force of the water iſſuing 
through the penſtocks, which otherwiſe 
it would be to a great depth, and occa- 
fion the blowing up of the bottom in a 
ſhort time. And under each of theſe 
aprons there muſt be frames of timber, 


to which the aprons are faſtened. If to 
this 
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this is added the piling to each apron, it 
will appear that the difference of the ex- 
pence is not very great, for neither 
aprons, timber- frames, nor the common 
piling, is neceſſary in the above method 
of conſtructing the bottom- work. 

Where there is a plenty of ſtone the 
bottom-work may be done at a ſmall 
expence, and very ſubſtantially, and the 
the bottom of the thoroughs being done 
with large blocks, they will lie 'very 
firmly, and not liable to be diſplaced by 
the current of water, which having the 
greateſt yelocity next the penſtock, the 
bottom pavement ſhould be laid deepeſt 
there, and may be of a leſs depth gra- 
dually, from thence to the tail or further 
end of the thorough. In this way of 
conſtructing it, and laying the work in 
tarris-mortar, the bottom will be per- 
fectly ſecure, and in no danger of blow- 
ing at bottom, nor of diſplacing wed of 


the pavement at top. 
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In many. places where ſtone cannot be 
got at a moderate/expence, chalk may 
and chalk is eaſily cut into ſquare blocks, 
before it is thoroughly dry, which it 
ſhould be before it is made uſe of in ſuch 
work: and when it is ſo, and laid in 
tarcis-mortar, will remain firm, and not 
ſubject to decay under water, nor to wear 
by the water running upon it; but will 
contract a kind of moſs or thin eruſt upon 
it, that will defend it from the water. 


There are different ſorts of chalk, or 


different degrees of hardneſs: foft' ſoapy 
chalk-is not proper for this purpoſe ; but 


jn moſt places where chalk is found, it 


is of a conſiderable depth, and lies in 
ſtrata or beds like free-ſtone, and may be 
raiſed in large blocks, which harden 
when expoſed for ſome time to the air 
and ſun in ſummer; but if dug and ex- 
poſed to the weather and froſt in winter, 
being chen wet or moiſt, will be apt to 


4 


ck and break in pieces: for which 
191 5ʃ 1107 f reaſon 
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reaſon chalk” that is intended for ſuch 
bottom- work, ſhould be raiſed in the 
beginting of ſummer in blocks, and 
laid to dry and harden in the ſun and air, 
and then it will be in fit order for this 
putpoſe n = en 11 naw bas: 109 

In ſuch places where neither good 
brieks, ſtone, nor challe ate to be Had at 
a moderate price, thete is another me- 
thod of conſtructing the'bortoniwork 
of mills; and other machines worked by 
water;''viz by u kind of eheN<werk) re- 
ſembling the ancient method of con- 
ſtructiag the Walls of cities, caſtles, and 
other ſuch »buildings's7 vi. mbking a 
cheſt with a double row of planks, placed 
parallel, and as wide apart, asd the in- 
tended thickneſs of the walk! Stories and 
flints of different ſiaes were thrown into 
this cheſt till full, andi then a ſtrong H- 
quid mortar | was poured into it; which 
filled the cavities: between the frones, 
and cemented them together into cone 
hody, ſtrong enough to ſupport the reſt of 
E e 4 the 
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the wall, raiſed by degrees in the ſame man- 
ner; which in time were conſolidated; as 
we now ſee the remains of many of them, 
as if a whole wall conſiſted of one ſolid 
ſtone. 

Similar to this, the bottom work may 
be conſtructed with flints, or common 
ſtones, and tarris-mortar : as ſuppoſe 

that a double row of dovetailed piles are 
driven, parallel to one another, and as far 


1 or a little farther aſunder than the pro- 
1 poſed thickneſs of the breaſt- wall; the 
ſpace between the piles is to be partly 


| 

F filled with the ſtones, and then tarris- 
: 4 mortar as high as the ſtones, to fill up 
; the cavities : put in more ſtones, and 
. then tarris-mortar, till the work is raiſed 


to the intended height. There is an ad- 
4 vantage in this kind of work, which 
4 could not be had in the ancient way of 
building walls. For they required time 
» to dry and harden the work; but the 
[ | ” tarris-mortar ſetts and hardens quickly, 
#4 if any water is let into it: for which 


if 


reaſon 
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reaſon a ſolid. ſubſtantial wall for a foun- 


dation, may in this manner be made in a 
ſhort time. The heads of the piles being 


cut off level with the bed of the river, 
and planked at top, a wall may be raiſed; 


upon this, in the ſame manner as upon 
any other foundation. 


} 


The locks of the Bath navigation. ane. 


built with ſtone, and the engineer who 
conſtructed one of them, told me ſome 
years ago, that they had a ſtrong lime 
whereof the mortar was made, which 
was, got from a kind of hard ſtone in that 
neighbourhood... This lock was of more 
difficult conſtruction than the others, 
and the river being confined. there by 
riſing ground on both ſides, was ſubject 
to ſudden floods after haſty rains. This 
happened once when his men were in 
full work, and the torrent was ſo high 
and impetuous, that the men were 
obliged to leave their work of a ſudden, 
As the floods there riſe quick, and are 


very rapid, they are of ſhort continuance, 


6 and 
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and next day, or day following, the men 
returned to their work, when they found 
that part of the materials and moſt of 
their tools were forced into the river by 
the ſtrong current, and carried to ſome 
diſtance below: but what was moſt re- 
;markable, the mortar they had made was 
hardened to the conſiſtence of - ſtone ; 
and their trowels that happened to be left 
in the mortar, could not be got out with- 
out breaking the mortar with hammers. 
45 There is little reaſon to doubt, that 
11 ſtone of the like kind may be found in 
| other places, if diligently ſought after; 
and a lime may be got from it, that with 
| good tharp ſand, waſhed, would anſwer 
3 the purpoſe of tartis · mortar; and not 
#6 only at a cheaper rate, but in ſome re- 
ſpects prefcrable to the tarris; which 
though it is excellent for water-works, 
is not ſo proper as other good mortar for 
common building, but the above Bath- 
1 mortar, is fit for all buildings ãn ot out 
1 n, eb 57. 3 roron 
The 
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8 The water-wheels of ground- ot mills 
etected upon "rivers, are not "uſually 
worked by the water of the main river; 
but, as in the Thames where locks are 
made, part of the water is diverted out 
of the river a little above the lock into 
afottier” nen, and pep Rin the TOP 
is erected. 8 * 
Where there is 1 6b 0 di- 
gerd part of a river in this manner to a 
good diſtanee below, as ſuppoſe à mile; 
in that diſtance the deſcent may be ſuch, 
that a very good head of water may be ob- 
tilned to work a milſerected there.” As 
ſappo the difference of the level from the 
river to the mill to be only 8 feet; a head 
of water of that height would drive one 
dr more breaſtſhota wheels, and do a great 
deal of work ; and ſuch a mill may be 
built to ſtand clear of  back=wates ; 
which is n — to breaſthot- 
heels de 901 11 eee 
In making a — to conduct hs 
water, it is done at the leaſt expenee 
upon 
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upon the fide of a Noping ground, as 
in that caſe there is only one bank to 
be nde on the lower ſide, the natural 
ground on the upper ſide making an ex- 
cellent bank, without any expence at 
firſt or afterwards, as it will want no 
repairing ; : and the earth dug out of the 
canal will ſerve to make the bank on the 
lower fide. If the ſoil for that purpoſe 
happens to be a gravel, the water in the 
canal will penetrate through ſuch a bank, 
and cauſe a conſiderable leakage for 
which reaſon it will be neceſſary to make 
a ſmall ditch near, and, parallel to, the 
bottom of the bank, to receive and carry, 
off the leakage. Water contains in it a, 
{limey ſubſtance, which will inſinuate into 
the cavities of the gravel, and cement it 
ſo cloſely, that after ſome time, the banks. 
of gravel become the ſtrongeſt apd cloſeſt 
of any, as experience ſhews, 7 

A canal of about 8 feet wide and 2 and 
a half feet deep, will ſupply the mill 


with 20 cubic feet of water per ſecond, 
| running 
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running at the rate of 1 foot per ſegond ; 
and a canal of theſe dimenſions. may be 
dug. and the lower bank raiſed with the 
earth dug out, for about 10 pence for, 
every yard in length, and in many places 
for much leſs; eſpecially if the earth of. 
the canal is firſt looſened with a plough. 

But at 10 pence per yard the expence of 
making ſuch a canal of a mile in, length, 
will amount to about 200 l. This, by ſome 
perſons may be ſuppoſed a low eſtimate ; 3 
and allowances are to be made, if the 
ground to be dug was rocky, that required 


to be blaſted; or a very hard gravel that 
mult be loofened with pick- axes. But 


for common earth, that may be eaſily dug 
with a ſpade, this eſtimate is too high. 
The late Mr. Wood of Bath, agreed 
to cut one of the canals of the Bath na- 
vigation, through a ſtrong clayey ſoil, at 
the rate of 24d. per cubic yard ; but 
when he came to treat with labourers 
there to g perform it, they demanded as 
mich 


Rr 


much, or more, than he was to receive 
for doing it: upon which he brought a 
number of labourers from London, who 
performed the work, and threw the earth 
upon the banks on each fide; for three 
half-pence per cubic--yard, and at that 
rate earned good wages. The cutting 
of the above canal is reckoned at near 
that price, though not worth ſo much; 
as this is not ſo deep nor more than a 
third part of the breadth of the Bath ca- 
nal; and conſequently not near ſo much 
labour to throw out the earth. 
The depth of 2 feet and a half, may be 
ſufficient to ſupply the mill, but if theriver 
will not at that depth furniſh a conſtant 
water, it will be proper to cut the canal 
deeper, that the mill may have water 
enough at all times; and if it draws 
then too much from the river, the canal 
may be made narrower, but of the ne- 
ceſſary depth, and not deeper than is ne- 
ceſſary, as that would be an abatement of 
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ine Head-water Ht che milf, Which Mduld 
de dalſed as high af can conventently Be 
date. n mill erated” upon this pra, 
may%be'1o/conſtracted; as to be entirely 
free from back - Water) and be no Way ſuh 
je& to floods, or Want of water. q 
ain onT onugw Doog bons 9161 
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